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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an array antenna 
of an MMSE(minimum mean square error) system, in 
which wasteful consumption with respect to degrees of 
freedom is suppressed. 

SOLUTION: A generator 60 generates a preamble signal 
r0(i) of an OFDM(orthogonal frequency division 
multiplexing) signal, and a generator 70 generates a delay 
signal R(i) for the signal r0(i). A multiplier 53 multiplies 
the delay signal R(i) by a signal weight AH to output a 
multiplied signal (AHR(i)}. A adder 52 outputs an added 
signal (r0(i)+AHR(i)). An adder 51 determines an error e 
(i), between the added signal and the inner product signal TO x 
WHX(i) of an adder 30. An MMSE calculator 40a updates ^ 
an antenna weight W and a signal weight A, to make the 
error e(i) small. The inner product signal WHX (i) of an 
adder 30 is made to be a signal formed, by suppressing 
the components of a received OFDM signal X(i), except 
for the preamble signal r0(i) and the delay signal AHR(i). 
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(i25~i28) tzm-rzctzm 
tit*, cnwt), »BE#at*. mmm j %<o>>%m 
2m*m^<Df$,fr%®iEEu-cm 1 ©ttjant#©j*$wE» 

[0024] IS*3S8 KEttOftWCtt. «R©T>f 
1 1-1M) S»©T>-f^-*^-C^«3 

#%«««SfllMtttt#8l#a ( 8 0 1 -8 0M> i. 

m&mtwi s tifc**nett©#»ni#«: r >rtox^ 

h*Sft»-TST>?-^ilt»#a (2 0 1-2 0M) 
TWJx-f h#3l#£ft;fc^ft^ft©#SiJ«#£*n 

#urfli»flre*fflAT4fl«*a ooo) &. gfM 
of DMftwHai^MsnfcBfa^JsiHi-^*^* 
9aMttft^8i^a (84) i. mm&Mm^ttisx 
T&mLftmm&%m^&&b2>jBM&®. oo, 8 3) 

»LT#JH«#*Jfc»S#JKilO#*S (5 10. 5 2 

o. 530) i, srss-ett*ft©#jw«^ i mizm&ft 
■sj^tcut. MiE-eti^n©^!im-i-©5%Buia§TM 

tf-TSEW^S (40B) i^ixSCi^it 
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■So 

[ 0 0 2 5 ] C©J: 5 tc. Jg*r#ga*. ^h^tiOftffl 
m^© 5 £0ireHtt*&PS^9m-*©K#** < 

b*JE*r-r4. C©/c&, SS^S!Hl#©ffliBEA s K±$ 

j*l©JiaSt*»WK:tT9Ci*J-c**. C©fc*>. r# 
^T- -i ~f~7 U-T>^©S£i*©*itt&ilM**»*. 

[0026] * fc. wf¥SB. ±a©in< . ^n^n 
©*w«t#©9 %m&&Mm^%Lzmm#mm^<Dmij 

m&%m j ^&u : mmmmn<Dw.?5zn ?> n c©£ 

[0 027] «*^9 K:fBtS©^BJ-C«. S^©T>^ 

as nfcsto f d Mtf««n«mnami b-c# 

J5MM*#ft*3Hf JBWS0F3l^a (80 1-804) 
t 1 )!-/ h^#-r-5>T>f^»#S (2 0 1-2 0 

4) mar>^*x-f h*sa»snfc-tn**i© 
o) mmoFDMm-^ttcttLxmjmrssmistcm 

HOFDMfl»*#«>*aH§*« (8 OA) 4. ME9f 
MO F D MfS-*f &.tfMIB®eO F DMtm<DWfitfffi : {& 

(8 3 4) 4. «fffS^M^5lJ«#«:{t#^ x-fh*SR» 
bT#JHa^4#*S#MJn»*a ( 5 3 0 A) 4. W 

3»**ftij|t#«s«-wm#R (5 i oa) man* 
•mmw© 5 % . mmmmmm^zm < f&#©?i# * 

x^r h^M»f-r-SMtf*a (4 2) 4*fl|*.SCi*W 

[0028] c ©J: 5 Eif^lS;«Jjn@#Bs<i-^© 5 
^©Ta#f : J3im-^ ; &©^=&^< >£#©«# =£^3 < 

», immmmno 5 saf a^sd«*©fls»** < rs» 

©a**^3<r#4. ge-^r. RfrM^iJM#©»E^ 
BfcltSftS. -Tfttoft. 3fSOFDM«#*iS«g»^FSI 
Siafcfll#©»£E*s|»±Sn.54 4feK. ilSOFDM 

[0 02 9] C©fc&, iiSO F DMfi*tfJffifttt?ftg! 
Stifc«-«»©»EE*4«WC**i»^. **. »E©£>R 

©w-sM-^js^-^wiiE-c* z<dt-. * *&amt*:mfi 



C7) 

XL 

[0030] f*3jSS 1 0 tclQKCDftQgOJ: 5 &c v 

*. fofBSfMO F D Mf^i LT£JiSt--5>£j£#l£ ( 6 
0) £tt-TSJ:9CCL-C6£l>. flH&Sl ICC 

[0 03 1 ] 3 e>fC. It&X 1 2 KE«K>»flB-Ctt. 31 

[0 032] S 6fC. flfc&I 1 3 {CSfgCD^-Ctt. SI 
tCfcO. «fct). — JB. »<<D3BBttMHHD»E*El!r 

W/*>:7»; -1} r*s„ 

[0033] nNsg i 4tcsi8©^-ctt. #Mft#m 
m^ga*. seism i ac«(i 2 ©etam-SKd-^ x ^ h 

*3H«tUT|«E«H[«^**a&S*S (5 3 A) i. W 30 

ib#m«-^ i H9iB»n*«# i * jam -cAttMHt* & 

(5 1 A) i^L. MieMif^® (4 1 ) 

<t#=&^< ^9-©s^^/h$ < -re**: 5{cmffaT>^^ 

[0 03 4] COiStc. BK^S (4 1 ) 
M«^©5ft. m&CW 2 ©«&»**»< 05»«Mt 

& s Jin;&0W2©«^^JW*l»lt-C*. !&2© 

[0 03 5] 1 5 tCfiStt©|HB-Ctt. mm<DT> 

(11-14) i. ff(f3a^©T>^^S-?-C 

«flsnfcSft«^K:*n^n©T>r^^x-f t>£* 

J(criT>-f^ft»*a (2 1 -2 4) <h % WIBT^? 
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i«Mt-**u«j-*-s;finjiTO o o> <t. n%mmo7 

®(4 2o~4 2 3> i. imm^o'b^. msm>m 
mmm&ti^WL (424) i. H9iB8E&jj»amm#K: 

St (8 OA) <!:. HriBiE©l^S«#RCfWi3S^JS?S 

flPMHtt^S ( 5 3 A) t. WE*IKft#&fnBttJMB 
L-Cftlff#JSfg-^«:*ae>SJ|]S#JSM^a 
fS(5 1A) i, ByfBjjn##M<I#©5ft. WlBSIJi 

/jN3<-rSi^(c|>riBT>^'i'x^ FS:Dtguf3«-^'? 
x-f h*Mtr-rSJ?»f#© (4 1) t^TZCtZft 

[0036] C©«t5K, JEWISH:. AlffftJRMre© 
[0 03 7] CCt. T^y-i-Vx-J hSCf«#^x^ 

*K ±as©ia<. rvwfi^ bRO'it-^^x^ h© 
«jcjt-<-c^^Ji&^*©K»«^«^*ffl^-cc» 

[0038] fi#JB 1 6 fClBtlO^HJ-ctt. m$L 

0>7>^1-m?- (11. 12) i. «&©T>7^^ 

t^fffllf Sffl^FSlSg (801. 80 

2) Mva&mstiiL*ti*ti<Dmm*tcT>? 
i-ix-jtzmn.?2>7>7'i-mn^m<2oi. 20 
2) <b. T>^^-^x-f h*s*j¥3nfc-e-n-en©#s9 
ft^^fti#i/-cfl]»«#^tB^-r^jn##© (300) 
i . o f d Mft-^^ss^gij u xmmsm^z 
m>zmmmwm&wi&m (s 3) mmsmmc 

e^a (1000) *n*n©t«ai«:«i&s-5fl[ 

ot, •en^n©&ti*(c^jt.-r^tiK<e ; &3^a)§tiB5 
*g(ioio) i, -en-?ti©©ra*«:*fis-r-5fflP9 
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(i 020) t. mnm^wi^. -en^no&ta 
sjgff^s ( i o 3 4 ) tzm-rzctzwrnfrz. 

[0 03 9] C©J:5K, JBPr^Stt. ft3ffff#©5 

u-yx. Mffc^fe. ^n^n©&tis«:*fic;-r£ 
fiKiaiKBWitfMflS*** < rr»*^s < -c» s. c © 
•en^n©atBS{c*fjt;-r?>{4faiB]KeKD^ : s'W 

g©W£ Jfp)£-e ft £ ©-?. 5f *j&<D&J&** 

[0040] s etc. wm^mt, mmm^o'j *>. & 

[0 04 11 CC-C, M^ffifflH«et»^3!lft#B. ^ 

«>. i$fommm%m#mm*%*mr c <t k <t 9 . s« 

[0042] W*^ 1 7 KKttCGtfSWCtt. «ifc©r> 
t^S-?- (11. 12) t. ItOT^ftf^Tff 

fi^£*&£gfiJiaam#J3!I#a (80 1. 802) 

i-f f*«W47>ft«»fa (20 1. 2 0 2) 

ryn-v^J b#st#5ftfc^ft^ft©#j?ij«# 
«Wl/Tinj|t«**ffi#T*»i*^« ( 3 0 0 ) i. 
^n^n©^'jm^© 9 % . ^Mw^cctfc^TR^Has 
^«©$%w*#siift#*^n-enm*-r 

fg(1040) £. J8»DOFDMfll#*JBi«yj s »lO 
TR»^SIflr-ff**»«BfSMIift»»BI*S (8 3) 

^^©^^^som-^ mxTzmsmmm 
ttwt. (io4i) <t. tmmm&sm-^ictiLx* 
n-etis&-s&ffis«wfe*aaeur. ^ft^*a©fitfB 

(1000) t. *<ue*i©tttiBK:*ft6T*i* 

tlJW^a (10 10) <h. ^ft^ft©&fBSfc:*te-f £ 
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(1020) i. tt^ii#©5 **i-eh©ffiffi»«: 

3<r4iifeK. S0l?M#©5^. ttJSTSIHWS© 
ffiffl@IE^8«i-^*5>a: < & MWJ: 9 *J0Pr 
^g(1 033) i*«rsci*4#«frs. 
[0 043] C©<fc 5 fc. KK^BHZ. ftI)MW©5 

-ess. c©fc2*. ^n^tt©etastc#j£-r£!^JS 
©fitaa<EgKn#s9{i#©»iW«:E*±r#. ^-n^n© 

*5SSffl©i#. **. «E©iS3M>*SflMWi»*»BE 
[0 04 4] 3 BR*att. humm*©^. * 

^tffl waKSjer s 2£w*i©tifitgiKKft#^m^4> 
te«9i»n^!9Mi#«^ < £ war c & **-c* -5. 

[0045] C C-C. «E»J^*SWfW©tlHffla(SB 

*n#sro-^©5%. m*mt>m<Dmm&&?m%m-^ 

tc*fj£T ffriE&J&*4Sfc^©ftffi@&8Efctff 

[0 04 6] CCt, MPf#S*T>^ , >i-f h*JS 
■Sfc*. fS«5Tl 6 tCffi<S©^R:Jt^-C. ®|f©fcs6 

[0047] ift^s 1 8 tceftoiMprct*. «ifc©T> 

7-^-3ST- (11. 12) i, «S©T>7-±^-?-CSft 
«^«r*2*-5.SltJl&»#S'J#© (80 1. 802) 
x-T h^Stff-r4T>^fB»#© (2 0 1. 2 02) 

*jdantiy'rjBo»«^*a«jr4flaic*a 000) t. 
^^©s^wpsoa^^^n-enaj^rr^^^a^ 

(1 0 4 0) t . RfclOF DMte#*JSS8ft#)5!lL' 

-r«»^s»flr-* i fe**-B»fSMi*»»ai#a (8 3) 

^j#a (io4i) i. ^^eEfe^sij@#*fetiiie 
T4fictiHi£#a (1000) jn^ft-^©^ m 

«-^i*Sfe<sS»©«**/hS < -TSJ:^ K7>ft-) 
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vzmm-rzmm^&L a o 3 oa> tzm-rzc 
[0048] c©j:5tc. Mi-<i#©e>*;. m$im%i 

[0 04 9] CC-C. Ilr#Si57>rt')i-<' h£* 
ffiT 5 K & tc K> . HetHiBC § ftfciHittKatfFSMI 

[0 05 0] H*JC» JbB^S<Dfi^<D8F*tt. 31 

— 20 

[0 05 1 ] 

[JHftDJtttOgB] (f 11^1) H1K. *^HJ 
©J£ 1 afflftBtCffiSMM S E*S;©T y ^ 
-T>^±=&^-r. 2|^ll6te^{C*S^Ttt. MM S 
Ett<DT #7'?* -< zrT\s-T>7-i-i)K OFDMM 
4§tf5M4St. Hltt. MMSEM07^f 

MS EM©7?7'f / ^7U-7>7-tit Sl&C^ 

■ri^K. r>^*^i 1-1M (M«a^> . m 

JHI2 1-2M. JPIIS (2) 3 0. MMSE»«B4 30 
OA. AHIS5 1. 5 2. i«$ig5 3. R0fft£«6 
0. 7 0*»61*(£<**VCl»£. HltCfcl»T, H18=f> 

St. 

[0052]^4§60«, fr«5Knfl»&b"C. OF 
DMl*D^V7>^*ftr, (i) C© 
T'yT^^/Ht^r. (i) B. JMftWIthfctHK©^ 
-fay f-»tf';u (SE&{g#) ^iH?iJSnfcft-^-c* 
-5. 

[005 3] A£S7 0 «. 7" >; r >VnHS# r 40 
. ( i ) tcStf £U (U»e«9R) flGtiBHt**. fife 

*tl-£ti<DiBmmit> O F DM-»^©*"- F w > 
5?-^l-G I©JBB3TG(CJt'<T@< . feTF. Ufii©® 

[0054] 
[&3] 

R ( i ) = [ r x ( i ) r ; (i) - r . ( i ) ] T 50 



#PS 2002-359513 
16 

'-XiC. ft*95 3U:. 9£R4 IcmTm^V x- J h A"* 
iSSH^-R ( i ) ICf£»bT^5 5C5VrStl?{I-5t {A 
"R ( i ) } Ztiitiirz. 

[005 5] 

[^4] A= [a a a, -a.] T 
[0 05 6] 

[»5] A"R (i) =a,*rx (i) H-a/r, (i) 
•■•a,'r, ( i ) 

2tfC. ftJ#S5 2fcE. ^'JT>^Hl^r. ( i ) tm 
Wm^A"R ( i ) £**Q»LTft»«-5t ( r 0 ( i ) + 
A"R ( i ) ) CCt. JDIWi-^ (r 

. ( i ) +A"R (i ) ) «. ^U7>^*ifr 

. ( i ) timm^R ( i ) £<Di*f$,f5*% (.mm ^> 

fc&S. *LT. JD#S5 ltt, nm-* (r„ ( i ) 
+a"r ( i ) ) tmn%£3 OOrtWlWX ( i ) i 

©lie ( i ) £3?«>£. CCT, lie ( i ) *ftA 
[0057] 

[»B] e <i) =r, (i) +A"R (i) -WX 
•AiC. MMSEIH4 0 AtCtt. SffiOFDMfl^X 

( i ) . «&t-9R ( i ) . RCJt. M2e ( i ) 
3*vC. MMSEIIS4 0AB. MMSE^ 
SOSMI (Sample Matrix Inver 

s i o n ) mttm-mrmme ( i > < -r* J: 5 

«:r>^fx-f hW*BRLr38Mf»2 l, 22-2 
MKtfcfrrstifcic. mmse^wsmi&ks-? 

^Ti^e ( i ) £/h3<-r£<fcMC«^.x-f hA* 

[0058] etucj:*). fluscgaooftsm^w'x 

iUTtt. ffOFDMMX (i) ©^^'J7>-/ 

^m-^r . ( i ) (mwmam^) tmmm^R < i ) 
a. 

[0 05 9] CC-C. <1-^"?X-Y HAli. MMS ES@ 
S40AK<fcot. ^'J7>^i#r. ( i ) (SH 
©K^aff#) L/cil^M-^R ( i ) <SI2©gt 

*a®-^) ©fe*i^s.D c »iM*^-r J: 5 &c*i* ?,ns. 
[0060] WT. 1 W6^©!^SK:-5V>T^ 

s. jter. yvT>?}i>{mT,t<c*i-?2>mmmnR 

( i ) <DSBB^na. ±M<Oim< . F«f>*-;<A 
G I ©WraTGtCtb^rMl^cfe. §{fOF DMfi-ilX 

( i ) ©5^SS«-^R ( i ) ^3qiEE-TSCi!fe<. fin 
ffS 3 0 ©l^tfifr X4FF TMS <««3R^M> 
tCi-o-Cf'-^ QPSKf-i!-»*» * 

[006 1 ] Tttto*, §«OFDM«#X ( i ) ©5 
%iBffift#R (i) ©JHWlffltS?. fCt, *m 

UdB^MTCtt. JiM©$n<, JnffS3 0©rt8HfW 
"Xtlt. fSOFDMMX ( i ) ©^^7*';t> 
^Wl-^r. ( i ) iil^«#A"R ( i ) 
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[oo62] z<Dtc&. mmm^R ( i ) ©«B&W»lt 

fi£oT. MMS ESS©7 ^ •/TV-T^f 

[oo6 3] afc. mn&3o<Dftmm^vrxtv 
■c. ^yrr^m-^r. (i) iiisift-sfR U) £ 

©»#«# ( r „ ( i ) +A"R ( i ) ) ifinhtiZfc 

[0 06 4] C Ct\ 122 CCtet^ -T. i^3.5U-^a> 
©t§*«jn-*-. 02*. AMI*. MMSEM©7^ 

Ideg]t, MMK. fqiBEib (dB)t«. ffiR 
If. »©MMSE^©7^f ■< ^7U-7>ft 

1^^0SI©MMS Ett<D7 #7'^ ^71/-7>r 
^-^ffllr^c^^ 5 U- ->3 >©*S*&7j*T. 20 
[0 06 5] 02*>e>£-#>£<J:5fc:. S£3fe©MMSE# 
S07^^f-l^7l/-7>ftTB > G I F*3jl5IfI# 
tl-C t> -5 36*. *»1 XlfSOMM S E #5£© 
7^^7l/-7>ftTB, G I fti!3£{f#©PP 
E*SB5±SnTl,^. fflL. G I F*3i!jaEfir^ii. @r3<a 

;trt/G I ©) JBHBTGtctt't'CStiaBB^nB**-*" S« 
-5. 

[0066] fcTRC. 2(5^ l*ifeJf^T'©MMS ESCff 
S4 0A©MMSE^OSMI7;W!)XAK:^r 30 
^5. 9»6<C^rMtte (i) *%8&hX. 

mm* ( i ) ^7©<J:5tc«-rct^-ets. 

[0 06 7] 
[»7] 

e (i) =r 0 (i) +R (i) A'-WX 

= r» (i) - (fX-S (i) A E ] 
= r 0 (1) -Y»Z (i) 

cc-e. Ytt. J^8fc7nrJ:5«:T>?v*"$:c-f h 

Z (i) li. t^KS-Ti^tC, ffOFDMt^X 40 

< i > Rifmrnm^R ( i ) (Dm-xz^&tcm^xb 

[0068] 

[^8] Y = [w, w, Wj — w M -a.r -a, -a 
, --a,] T 
[006 9] 

[Sfc9] Z= [x, ( i) x, ( i ) x, ( i ) 

x. ( i ) r, ( i ) r, ( i ) r, ( i ) - r 
. ( i ) 1 T SMI 

r-ii/rf'jXAtcte^tt. *fc£i o iCTjktm-mmwi.Q^t. 50 
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g*/Mfrf<5. {SI/. 0 < a < 1 ©S^tfttSifc 

[0 07 0] 

mi o] 

Q(i]=|a G "'|e(i)| 2 
1=1 

[0 07 1 ] ZZtC, ifci£7©3iW hYKWTSftJE 

i i©i5K»en-5». c©£te£i 1 at. ^x-f bY 

(G) trJEBr-rSfcJ&©Se;*^-r. I1U Gti. 
(It^^'Ji^ra) TSnT, GB. hY©JgiSPf 

[0 07 2] 
[»1D 

Y(G)=B _1 (G)b(G) 

[0 0 7 3] CC-C. IfcU lifOB, b£t&5U2. 

ifcS, l 3 

[0074] 
[«1 2] 



B=I!o G - , Z(i)Z H (l) 
i=l 



[0 07 5] 
[R13 3 ' 



b(G)= Za^'zCOro'Ci] 
1=1 

[0076] (is 2 mmm) ±Msm 1 «t»rcB, 

SESHI^R (i ) (UflK»fll#) %»*S**fc* 
k:%4S7 o*Jffflt,7c^«:oi,irgi?gL//c^ > 
ESe>-r. ^^6 0>!P6.Hi^3n?c7''JT>^Hf^ 
flfc»-caB£fl»R ( i ) Z^ZitZZSlcVCbJ: 
i<k c©*§£©lfj£*03. 04«:^-r. 
[0 07 7] 031*. 2 *ii0-^©MM S E #5£© 
7^f -f ^7U-7^f tOSSESSt^n? 
■C, 04 «. 03^©3iSlHl?S («T. iI5£ISS88 0 £ 

T, ^l4>©W#i|g— fiHHt. PI— «. SH« 

[0078] jIM0iS8 0 tt. #££S6 0 3 

§ tifcV V r > -fjvmm&tt X . JJESS 1 
mr<tcmm^K ( i ) 5rW^-r-5. 
[0 07 9]^«JiC«. @HI51K8 0tt. 04Kl^-r 
J:5tC, (Z- 1 ) 801. 802. 803. - 

8 0U*ii3nHa*OT«JSSlrC*J»>. 0 1 . 

8 0 2, 8 0 3. -8 0UB, ^tl-etlStjS-rSiiSM 
^tr, (i) . r, (i) . - r, (i)*MMSE» 
JtB4 0ASU t S«MI5 3K:ffi*-r5. -t©ft©fBtt. 
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[0080] (.W3mmmy ±smi. m2mm&m 

■Ctt. MMSEM©7^f^7l/-7>ft*i. 
OFDMf#©^y > T > -JMt^* B#rai4±CD{f ^ £ 

F D Um^<OZf V > ^;Wt#% F F T&m (Jljg|fe9- 
BS) bfcS#pgiJ«#^«-rs«i:5(ctt:4>J;^. c<D 
*§^©*lS*. ^5-H8CC^-f. H5B. *m3HJ6 

H6tt. H5*©FFTHK83««aiBlW6*avJia* 10 

^7B. S5CDS5SI1K9 OCDf¥16*^-r0-C. ^ 
8B. HBifOFFTlJKOfftt^^ria-C**. 

[0081] ^zmmmn-u. ^stc^-riSK. 

MM S E SJf®K4 0B*s, H 1 cfJCDMM S ESSffHK 
4 0A{C^tSS$nt, ^S2 0 1~2 0M*s. 
Il*Of»S2 l~2M{Cft^.XSffl$tl-CC^-5. Si 
IS5 1 0-5 3 OAS. Hl*©m#ll5 1-5 3tc« 
xtgffljntl,^. £*>{c. FFTHSS8 0 1-8 0 
M. 8 3. 8 41fimf&ZtiX\<>Z>. FFTH8S8 0 1 
B. T>?**?-1 l©§ltOFDM«#x, < i ) © 20 

^■y>r>^nH»-t»*FFT«Hir*. *#wtc». f 

FTB88 0 1B. ±fB^y>T>^;Kt-^©#^l-» 
(HI 7#M) men (NBSM&) 0?cW-i?->7- 

y>y (7tnyfy$j^) Lr-s-tJ->^y>^m 

^tcS-3t»"C F F T*Hll/T Jfl33R&D&SffiP» f t a 
( 1 ) , f t, (2) — ft, (N) CC 

-c. mm^f t, <i) . f t, <2) -f t» <n) 

B. ±l3W^)^>il<;KDif>^';>^lsl^-r' ± 
E*»5':/jJOMZ>F F T©*V > Vm-C&Z. 30 
[0 08 2] 

[tl4] FT, (i) = tf t, (1) ft, (2) 

ft, (3) - ft, (N) ] T 
FFTHSS8 0 2B. FFTH8S8 0 1 <bHK8*J £15111 
«C. T^T-fm+l KDflOFDMffx, ( i ) © 
zfVZsT> F F T$m Lt . jl^^ftCD^lJ 

«*f t, (i ) . ft, (2) -ft, (N) zmirt 

S. *MH!-»f t, (1 ) . ft, (2) - ft 

, (N) £. g£S>T. »SSl5-caH*S. 
[0 08 3] 40 
[»153 FT, [ft, (1) f t, (2) 

f t, (3) -ft, (N) ] T 
FFTHSS8 0 MB. F F T[hISS8 0 1 i^HWKEIfiS 
tC. 7>fti^lM©gfOFDMflf x» ( i ) © 
■7 V >T > -fMSft* FFTSIILt, Ji?gifc«©#J3lJ 

«#f t, (i ) . ft. (2) - ft. (N) zmtrt 

3. ^6iC. #JWff#f t. (1 ) . ft, (2)-f t 
h (N) Sr. itsbX. »Sl8"C*ttS. 
[0 084] 

[»16] FT, (i)= [ft, (1) ft. (2) 50 
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f t. (3) -ft. (N) ] T 
CCt. *^3^^Si-CB. . FT, (i) . FT 
, ( i ) . -FT. ( i ) SSI 7tt3j*-J\fc 

sec. #sim#x ( i > • -t-r* 

[008 5] 

[«17] X (i) ' = [FT, (i) FT, (i) - 
FT. (i ) ] T 

'-XiC. ieS2 0 1~2 0MB. 7>f t-Jx^f 
H3FBMWX < i > ' KIWW*. -r^tto^. mmS2 
0 IB. 7>ft')x-fhw 1 -iFT l (i) t<Dm* 
3**r»* (w.'FT, ( i ) ) £f# 5. m#S2 0 2 
B. 7>ft>5i^ hw/tFT, ( i ) £©»&*& 
tgKw.-FT, (i) ) S&tc. St#g2 

0MB. 7>ft'>i-fh¥, , iFT, (i) £©«£ 

'(w.'FT, (i) ) 
[0 08 6] mWPSk (2) 3 0 0B. ftff82 0 

l~2 0MKJ;JSS(w 1 , FT 1 (i)). (w,*F 

t, ( i ) ) . - (w.-ft. ( i ) ) zmmmtcmn 
-r-5ci«:j:D. wtmm^x 

( i ) ' £©rt«*5*n*JHt»W , X ( i > ' 

[00 87] H^tC. fififWX ( i ) ' iLt 
B. fteSl 8{c^-r«fc5«:. fx, (l). fx 

, (2> . -fx. (N) ±\,*->icNm<D?mm^*tit 

, (1)1*. Ml9TitCi^t, [*J»fi-5ffx, 
(2) B. Sfci£2 0-C«-rci/&s-C#5. 3S>tC. F*3« 

Mfx, (N) B. Sfc£2 l-CS^r 
[0 08 8] 

[tl8] WX (i) ' = [f x, (1) fx 
, (2) -fx. (N) ] T 
[0089] 

[«19] fx, (1) =w," • ft, (1) +w, - • f 
t, (1) -w«* • f t. (1) 
[009 0] 

[«2 0] fx, (2) =¥,'• ft, (2) +w 2 - • f 
t, (2) -w.- ■ f t. (2) 
[0 09 1 ] 

UK 2 1 ] f x. (N) =w," • f t, (N) +w 2 - - f 
t, (N) -w.' • f t, (N) 

*F.©OFDMf-tOT''J7>7';Wif r, (i) (Wr 

„ ( i ) K>!tT€.ilM7->;T>^H1^0F (t + 
t,). OF (t+2 ■ t,) , OF (t + 3 • t s ) - 
OF (t + p • t.) 

[0092]{!U t 5 B. FFTB88 0 1-8 0M 
<D?>7 *)>#Mm*7jk1r*m-C. ( p + I ) B. OF 
DM-»^©tf- F -f >3r-/<^G I Sr^H 1 5 -C-^ 
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[0 0 9 3] Cft(C<fc»3. jgS7'';T>^I/«#OF 
(t + t 5 ) . OF (t + 2 • t.) -OF (t + p • t 
s ) it. ttl^tl. ^U7>^H^r, ( i ) KMlt 

f-t>£ -><*jhibt. «fc o ja>asi*n**rr 
- f -f > * -jtjWMm T 6 1 ^ y > ^mn 1 * t-cje 

SbS&AMfcf** {p= (T./ts) -1) . 

too9 4] cc-c, gi^yjv^m^oF <t + 
„ ( i ) (c^b-rB#r B it s /cw®^3if/cft^-c. mm?' 

>;T>^Wa#OF (t + 2 • t s ) tt, •fVTl'-?)}, 
m^To ( i ) K*f OTI*!B 2 t ,ft»HBE3eft:<I-4 
■C. m£-7VT>-?)l>fg J %OF (t + 3 • t 5 ) tt, 7 
>;7>^fr. (i) tc#U-CB*IB3 • t 5 ftittjIS 

s ittcm^-c& * . u r > ^om-^o f < t + p 

• t s ) B, ^'J7>^;H#r, (i ) imvxmSp 

[0 09 5] ^(C, FFTIhISS8 3«. S6fc:ifrr«fc5 
(C. J1MI1K9 0^e,OS5i^yT>^;Hl#OF (t 
+ t 5 ). OF (t + 2 • t.) . OF (t + 3 • t,) 
-OF (t + p • t 5 ) <D^:tl^tl(Dmn^^}l' : ?:M 

>yj > ^(t-^-cF f t*mw *. jwfcttK&j, fft 

H?S8 3«. FFTMS958 3 1 . 8 3 2. 8 3 3-8 
3p**1. FFTJS!!S§i58 3 1 08K:SVrJ:5 

tc v 3^gi^yT>^«^OF (t+ts) ©«2fr» 
#jnfe*>^y >^«it 5 -cF FT^Sbr^^S'J 
«#r ( i > £ffift-r£. si. m&mm*R ( 1 > 
«. %c&2 2-^an**. coae^FjMe^R ( 1 ) «, 

[0 09 6] 

[«2 2J R (1) = Tf a (1) f x (2) f 
x (3) -f, (N) J T 

Sfc. F FTjfflSSS8 3 2». S8 K^-TJ: 5 11 

^yTv^AfWF (t + 2 • t 5 ) <om^>^ 
>ifmm t s-cf f Timtzz tic jz k> . 

ffc£2 3 ^^T3S5i^lHl#R (2) SrtiiATS,. C<D 

®s^««#r (2) jraftWDflKHRfl***' 

•5. S&iC. F F TJ&SSP 8 3 p li. SSK^-TJcd 
(C, ®5i7 f UT>^'^ft#OF (t + p • t 5 ) <£>W3S 
7' y > Jlffi 1 5 t?F F TMST 5Ci 
KJ: D . gfc£;2 4«:^-rilS^0«-^R ( p ) *&t)-r 
*. 3S#g!Hi-SR ( p ) tt. 
f -S. 

[0 09 7] 

[t*23] R (2) = rf 2 (1 ) f, (2) f 
, (3) -f, (N) J T 
[0 09 8] 

[«2 4] R (p) = Tf. (1) f. (2) f 
, (3) -f. (N) J T 
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S5tc5R-TFFT!51S88 4ti. 08tcSrfJ:5 
tC, ^tH6 0 5&^6»CDOFDMa-^CD7 - yT>^Hl# 
r. (i) ( = of (t) ) aynn'»^jv^>yv 
> y«M t s T?-y->-?' y > 9 lx c n e>-y-> y y > 

^-CFFTMS-rS. cntc«fcf), FFT0S8 413;. 
ifc5£2 5&C7jVrJ:5fc. »fi#f«!lfl» r . (i) ' £tti 
+J-T-S. BrSBHBMWr. (i) ' tt. «*«»©flH» 

[0099] 

10 [825] r, (i) ' = Tf, (1) f. (2) f, 
(3) -f . (N) J T 

#R ( i ) <»;©«£ ioTtiJ+Jft-if (A"R ( i ) } * 

Httnr-s. (tu *a* 3 mmnmx'<Dm^ ha 

( A" R ( i ) } Nffl©Ht&«*»**&«>-caBBS 
[0 10 0] 

[|&26] A= [a, a, -a,] T 
20 §6K, mWSsS 2 Ott. m»S5 3 0©£H+J«# (A 
"R ( i ) } <bM^FJ3!Ht-^r„ ( i ) ' t^imisXl® 
(r. ( i ) ' +A"R ( i ) ) *\&j]?Z>. an* 

S5 lots, mnm^ (r. (i) • +a b r u> ) <t 

fin^S3 0©rt^flW"X ( i ) ' t©lf e ( i ) 
[0101] CCC. MMSEil»§40B{Ctl #S0 

m-stx ( i ) ' . mm%m^ ( i ) . acf. 

( i ) tf\J]$tiX. MMSESSS4 0 B«. JJBJH 
1. ^2^JS0j^iPI^C 1 MM SE*S© SMI StC 
30 IrJli-Clie ( i ) */h3<-f •S.fcMcT^-r+'i'x 

cntcio, Jn#S3 o oorttffwx 

( i > • il/tli, #S'J«#X ( i ) • O^^M^FSII 
fi#r. ( i ) 1 (^agE^Hl-^) iil^J3iJ«#R 
(i) (ffe©gEJ3Hf#> it«i<fi8»36(WffS*ifcfll-^ 

[0102] ^C4s, JJBJ»3#dWP»T«. H7''J7 
>y)im^OF (t + t s ). OF (t+2-t 5 ). O 
40 F (t + 3 • t 5 ) -OF (t + p • t 5 > KS^J^ril 
Mfrmm^R (i) *#*J:5CcbA:«(C"3V»-c»?8L 

/cas. cntcRg^r. ffa^siflt-f* r . (i> • tcs-^ 
^-cimfrsm^R (i> *»tfej:i>. 
[0103] (mAmm&m) ±$E3ii~3mmm-c 

MMSE*S07m^7U-7>ft*S, O 
FDM«^«<rr-5Wcol,>ri^BJL/cAi. CtiKl 
6"T. MMSE*S©7^f^7U-7>ft%C 
DMAafttC^L/TfeJ;^. C<Dtg^©«R£*H9(C 
ST. 

50 [OlO4]09tB, I3KSt@^tC7??-K7^ 
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1 0 0&D-*RAKE£/5S§ 1 1 0 &im\2tTCMm 
$n-Ct>£. S £>tc« H3Ccjj%-rfflEHfi,8 0K:tt*. 
r> SSI1SS8 OA^syBSJvc^S. E9{cfc<,>-c. 

-m^Tjk-r. (IU S7>ftt3R?l l-lM^'OF 

amx, ( i > . Xl ( i ) . -x. ( i ) *mt)? 

[0105] 3t^4*KJBJS©ffittCCO<,JTEI 1 

1 0 0(J> SffCDMAff^-x 1 ( i ) , x, ( i ) . x 
, ( i ) . x, ( i ) 5^niBS§6 0*>e>©A-f 
Hf-Sf (BEftfiT?) r. ( i ) £©*lWi£iH£at£»J 

[0 10 6] JMtftfCtt. T-^F^^^lOOit 
^l~^4<D-7s-?F7^;I/$SiJ (EmifT) 
t»S. IIOVj^F?^ ;1>*S|SH\ ««C DMAf-f 
Xl (i) <b^--f h«-!f r„ (i) £©fflWtfeffi&L 20 
TffiHflr* (El 0 (a) #M) f:Ui^L/> J£2©-7? 

4)\,%m&. SfCDMAffx, (i) 
n-y Ht-Sf r. < i ) i<DtiK^[H=&bTtIK{B# (H 

10(b) #M) 

[0107] m3CDv>5=-F7 -f^ ^{fCDM 
A«#x 5 ( i ) i^-fo? hfi-^r, ( i ) &<DfBtt* 
m*l/"CffiH«'* (El 0 (c) #M) *ffi#U »4 
©v^F^-rJl^glU*. ^«CDMA{i#x, (i) 
iAVa,H#r 0 (i) £©tBI8ffctH4l/rtBIHfI 
(El 0 (d) #M) *&?J-fZ><, fib. El 0 30 

(a) ~ (d) -C«. «M«. ffiHft*5*U WMitm 

[0 10 8] CCt?. W^F^-f-JVfl 0 0B, fgl 

~^4©-7 ^ f^ ^ ;i/^a5*>6©fBraft#*sn#o-c 

*©*PJI*aUc*"3t»-C. '^n»H§r, ( i ) 
©ig3£JtfE«. ^{fCDMAfl^'X 1 ( i ) ~x, ( i ) 

©-c&s. ei o (e) tc^-rw-c«, SI5£1iNg£l,T 

tdl, td2, td3, ~td6^en2,fcM 40 

fcsvr. -5-c-c. iisii5iss8 0A«. mmnt d i~ 

t dB^t, El 0 (f ) {c^fJr^K:. ilMft-^ 
R ( i ) (ffe©SS*a{l#) ZtHjilTZ. 
[0 109] Tfcfe'fcv iI3£0S§8 OAit r. (t + 
tdl). r, (t+td2>. r.(t + td2)-r 
. ( t + t d 6 ) ^rffi^^-a. W*tf. r „ ( t + t d 
l)tt. /WP^hffr, ( i ) K*#t/CJBffi«*nBt 
dl/cWi^ltfeO^ r, (t + td2)B, 
yH^r, ( i ) icMLXmmrS t d 2 flnftBEl/ 

r, (t + td6) tt> /WP5Hgf r 50 
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„ ( i ) K:*fb-tiS3P#!I3 t d 6tctt&mLXI<>Z. * 
©f6©fT3»K. E3K^rHK£fWlftCCll«-t , i&&. 

[o i io]6LhKiD, ants (2) *»i&©rtSHt-* 

WXiim SftCDMAM^Xi (i) -x 
. (i)©5Wn»mtr, (i) R 
C^©jI5£li# r . (t+tdl) ~r„ ( t + t d 6 ) 
<fti©JWiDfl») «8t < ffiS*i»E§ nfcil^f#6n 
-5. ^L-r. RAKE^SESl 1 0t*. §W3SMW 
B X£jm>-C, RAKE-&fig88PS«rtf 5CiK^S„ C 
C-C . mmmn r „ (t+tdO.-r. (t + td6) 
£ bt, R AK E^flEfWUCffi:* Scfll#*S5BW*ltt. 
RAKE ^JiS£Pitt:fc£S&fI#©«!JE© fc&tC 5? ^ * 

MS EM07^f^7l/-7>ft©aftK©i 

[0111] «tte. JJBW4SElt3g«l«:*Jt»rt3:, CD 
M A^©S(t«:MM S E ^^T- 
ZsTi-ZMMLX, v-^h'7^;^10 0rCDMA 
Sflfa^X ( i ) GjE£lffffi£9&0f€CTl/fc*s. Cfi 
tc|g6-r, ±1501. S2*6fffl©SHOFDMM 

[0 112] (#5XM0BIR) JJB2SBi9g«Cia, Bf 
t»T«iWl>fc6S. cnK:Kge>-r. fflOFDMffX 

( i ) ccjSDr. iism-siR ( i ) o^tmrntrnm^- 
[0113] c<Dm^<om^m 11. 112 

El ltt. *Sf5|Qte?^fii"C©MMSE^S©T^-f- 
-f ^7U-7>^^©1tJ?S^T„ I12tt Ell* 

©Bfa«#5iii?iHiss («t. ^a«-^3iiR@gs 1 3 0 ) 

[0 1 1 4] 3WH5SBWBl»OMMSE*S:©Ty^ 
-f ^7U-7>fttt. El lKmtJ:5K 1 E3K^ 

-rHK«:3faii^s^iHiii5i3 0*siiSa3nT-i»5. e 

1 1 ICliUt, E3©7S-riH— IH— i£t,> 
[0 115] i!5i0?S9 Ott. H£H6 0*>6©^'J7 

>^nt#r„ (i) ««w-tr. a®7''JT>^Kt^ 

OF (t+t s ) . OF (t + 2 • t s ) -OF (t + U 

• t s ) fib. u»s^a-c*-3-c. 7"y 

T>^A*#r. (i) (C*t-rSiiSS^yT>^Hl^ 

of (t + t s ) -of (t+u • t 5 ) ©^en^n©s 

SB#r^«, O F DM<l4©^- F >T > 5rwtjl*BlBT. 

[0116] BfTa«#31tRislSS 1 3 0 Ktt. SrffOF D 
Mlf^X ( i ) RVMrn? 'JT> -fMm-^O F ( t + t 

5 ) -of (t + u- t 5 ) tfA^sftT. wfrnm^mm 

Mm l 3 0», fllOFDMifX ( i ) tCjSDT. il 
M^'J7>^MOF (t+ts) -OF (t+U- 
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t 5 ) (D^hmmmsnmr 0 < i ) • mfsmm^R 
( i > £siR-rs. 

[0117] JMttttCtt. BfflflreSiRHft 1 3 0 «. 
Ml 2$C7jk?£5iC. tBHSl 3 1 a-1 3 1c. 13 
2a-132c. 133a~133c. 134a~13 
4c, mngr (2) 1353-1350. 

13 6. Stf. SRHSS1 3 7&P>ffi&,£ti-Ct,>2>. 

[0 118] ;Xfc. ^s^^asofTFttK-o^-rEi 1 
2**BLT«MWa. fclT. T 1 1~14 

>^Hi#OF (t + t s ), OF (t + 2- t,). O 
F (t + 3 • t 5 ) i^ofc3fflCWES^yT>^Hi 

1 1~1 4«. ft(fOFDM(a-^x 1 ( i ) . x 

x,(i). x, (i)t, tttfrr 

[0119] tami 3 i aii, m&WT->-? 

frm^O F (t + t,) igfOFDMffx, (i) £ 
<DtBH««a*m>. fflHS13 2att. 3iS^UT>^ 
A-fi^OF ( t + t 5 ) iSfOFDMMx, ( i ) £ 
©flBM&mSrff 5. tBBSSl 3 3 att. 51M7'UT>^ 
;HfOF (t + t s ) tSfOFDMi^x, (i) £ 

<Dmws&m*mK tBreni 3 4a«. mm-?VT>-7 

JHf-5fOF (t + t 5 ) iStOFDMf^x, (i) L 

[0 12 0]ft«§13 5att. Wl3 1a, 13 

2 a. 13 3a. 1 3 4 a©*h**lJ&6<Z>tBSHteHfll 

5acD»n*M#tt. aBK^yr>^AHt#oF (t + t 

5 ) <b. S<tOF DMft-^x, ( i ) . x, ( i ) . x 

a ( i ) . x, ( i ) tomrn*™?. 

[0121] ^tc, fflMSl 3 1 btt. Wfcfvr^? 
;WI^OF (t+2 • t 5 ) igfiOFDMM-^x 
x ( i ) &<DffiBM*Hi*m». fflBBl 3 2 b«. j££ 
^V7>/^OF (t + 2 • t s ) ifiOFDM 

ifx, ( i ) ±<DmMikm*ft *>. tmm 133b 
«. jisi^-yr^^m-^OF (t + 2 - t 5 ) 

OFDMfs-Sfx, (i) £©faWt£HmTC>. ffiBQSl 

3 4bW. i®S^'JT>^;Wt-^OF (t+2 - t s ) 
ifiOFDMMx, (i) iCtBKMfcttJ'SrfTS. 

[0122]ftIIS135bB. «131b> 13 
2b. 13 3b. 1 3 4b©^ft-eft# : >e>©tBM*fcai<I 

uxmm-mnz&ts-fz. ftitsi 3 5 b©sn 

Jffll^H*. ilS^'UT^^Hl-^OF (t + 2 • t s ) 
£, SfflOFDMfl^x, ( i ) . x, ( i ) . x 
, ( i ) . x, ( i ) £©ffiH*5Vr. 

[0123] tarasi 3 1 c«. ss^'jt>^ 

JMI#0 F (t+3 ■ t 5 ) iSrflOF DMft^-x 
x ( i ) i©ffiH«WJ*ff«r». tBMftl 3 2 c«. 
^'JT^^H^OF (t + 3 • t s ) iSfOFDM 
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it^x, ( i ) i©tiwi^a«rtf 5. tares 1 3 3 c 

,i. »^»JT^^*fl»OF (t + 3 • t 5 ) tsm 
OFDMlfx, (i) &<DffiRlH*fTl». *BMS1 

34c«. aEi^yr^^fOF (t + 3- t 5 ) 

iSftOFDMf^x, (i) 4CDffiBt«H*tT5. 
[0 1 24] flniSSl 35 ctt. tffllSl 3 1 c. 13 
2c. 133c, 13 4 c©-£ft-efta>e>©fBMtfefaii 
**ft»t/Tfl««-*l*Btfrt-5. SHUSH 3 5 c©JjQ 

nmt. jK^yr^^^oF (t + 3 - t s ) 

10 i, SfOFDMl^x, (i) , x, (i) , x 
3 ( i ) . x, ( i ) &©tfflH*nVr. 
[0125] i^mSi 136it AMI 3 

5 a~i 3 5 cj&s&c-en-^nosnfic^o^fefb*:® 

S&l 3 7 5t{B+J-r&. aftBHtl 3 7». Wtt/yri' 
^JMWOF (t + ts) . OF (t + 2 • ts) . OF 

(t+3 • t 5 ) <o*>%. Mi-x.mmmmcttfc-rzM 
20 tRLxtati-rz. §6tc. stRiuss i 3 7 «. ms-fv 

7>^g#OF ( t + ts) . OF (t + 2 • t 5 ) , 
OF ( t + 3 • 1 5 ) ©5 *>, **«WWflWC*fJ&r 

'J T> ?AHt**Nt < . 2 o©il^7- y T > ^ 
JMI*£fl6©«JfflflM»R ( i) iL-tm+J-rS. ^©<fe 

[0126] fcfc. JJ3W5faiBe»«&falr»'T:t;l\ 4-^ 
©T>7"+^ 1 1 ~ 1 4 ^SUS Lfc0»{C-?<,vC8fc1B ^ 
CtUCEgeT. T>7^3ft^©1Iifr«, 2®&.± 
6 tf. _hlBlg5^iitff£ 

30 JS-efcfc. 3<i©js^-7'yT>-7';Wf-^oF (t + 

ts). OF (t+2 • t s ) . OF (t + 3 • t,> * 

[0127] ftfc, ^?8«^B««:*fcO . ^5^Jfe 

[0128] (i»6fEn^») *»e**»Mrc». ± 
E»2SlEJI0KBW)HK«:<9KfciaR (JSTF. <Wfc@Rl 2 

oii,^) ASjijrasnfcisiES^Sffl^tv. ^Hbiassi 2 

40 0«:J:^T. fln#H3 0©I*38HEWX ( i ) ©5% 
L/THl+J-r-S. CO«^®«WS*Hl 3. H14fC^ 

■r. 

[ 0 1 2 9 ] a 1 3 «. *ST6 jU©^JS©MMS E^S; 

©r -< u-r>-^+©#sS; : S:^-ra-c*s„ 
ai4tt, ai3 tp<Dmtm& i 2 o (Dmnm^Tfi 
nr. mi 3K*jVir. a3tf"©pi— * 

[0130] *m6*ife^M-r-». MMS E^©T^' 
50 ^f^7U-7>f«i, OFDMaflR&StCtttt 
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<. QPSKSffi^sStcMJSSiVCUS. C©fci£>. T 
>7-i-mi-l 1~1MB. QPSKf^(^-fa 7 hji 

[0131] se^r. t>^3R*i i~imb. ^en 

^<IOF DMff-5fX (i) (Ctt*.T. »«QPS 
K«#X ( i ) ZmtJ-TZ. £7c, fS3=l!8S6 OB. Q 

p s K##©;-c-f p 5. m#r . ( i ) zmmgtm9^- 

ib-Ct&ftU JgtiIsI8S9 0B. QPSKi^A-fp 

»ntr, ( i ) tefttu-cwmsmmvjmi>frm& 

m^-R ( i ) £fiil©gE£nft-5f <!: l/XBijj~$~ 10 
•5>„ MMSE?Sg3§4 0AB. _hl2JH 2H10F2^<!:*ft 

*Mff-r^>. ftffltS (2) 3 OB. fttQPSK 

( i ) ©^-feBfa^-^a y hfi-^ (EfMISfcrtf 

rfflMs. witmnti 20B. si 4tc^-r«fc 

S«C. jESS (Z- 1 ) 12 1 — 12 4. 

~1 2 8, RCf. JWHW1 2 9. 1 3 0*^M3nt 

^-s. ^c. 6 mmtet&omiumm 1 2 ocof^tc 20 

^TIH. SI 5^#ML/T^-rS. 
[0 13 2] feTF, SI 5 (a) (6STJ:5K:, fln#g 

(2) 3 0©rt«{fW"xib-c. ma/<<fa 9 Ht 

#QP 1 tM^'-fDf J-{i-5tQP2~QP5£©*gfn 
[0 13 3] CC-C, ^-fB7 K1^QP2~QP 

fc*. #B6miimn-c<DMMs Emms* 0 A©m^ 

?xWh (fcTF. f^i-fhA (G) £t,>5) Wt 
S2 7r«1"Ci;*-Ct5 ( GB. 5 30 

>^ (MSr£-(5>;50 -C*S (G= t l, t2. t3 
•••) . 8:7c. S15 (b) B, ^-fS^t l~t5"C 
©iI5iS 121-12 4CDttJ*5:^-r. 
[0 13 4] 

[St27] A (G) = r a , (G) a 2 (G) a 
. (G) a, (G) ] T 

5>^t 1 fC-C. 11 5 (a) (C^tQPS 
K^»#;VZA*5. ftBISl 3 OfcilUTSIJIill 2 1 

KA^sns. Tbilisi 2ob. ^-^5> 

yt Iter. QPSK^^ZA^ffl^TtS. 40 
[0 1 3 5] 2tfC. 5>:?t 2fCT. 115 (b) 
ICm-fJ: >} K. ilMig 1 2 1 B. QPSK-»^ZA 
fcfgSESl 2 7iCffi^-r-Sii*>{C. QPSK-»#;l/ 
ZA*iBSSl 2 2{eHfc&-ra. flS12 8 

B. i^')i^ha l (t2)"4QPSK^>*'MA 
KSWt/TJIWft* ( a a ( t 2 ) * Z A) ^flnSff 1 2 
9 tCfefrr-S. 

[0 13 6] CC77. m^tJZ-J ha a (t 2) * (ff-Sf 
^x^hA") B. ±SBm 1 16SI0KB-Cifi^fc <£ 5 tc. 
MMSEiSI40AKJ;- 3 t. QPSK^WA 50 
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(i) } *S*ilfcQPSK 
-»^ZA1 {SSfit-^-R ( i ) } ©firfg^S.tfJSiliI 

M^-ri^ic*2e>e.ns. c©fc£>. (a, 

(t2)"ZA)B, QPSK-»**Jl-ZA ltcmV< 
fj;2> (ZA 1 = a, ( t 2) *ZA) . 
[0 13 7] CftKiO, 2 8B, £JHB?Z 

a i zmwwr 1 2 9 *MLxmmm 1 3 0 tcaj^-c# 

So S/c. AMI 3 0KB. Jn^S (X) 3 0©F*3» 
ffWXiLT. QPSK-»jK;1/ZB. ZAlifiX 
AStiS. AWS13 0B. QPSK>»^ZB. z 
A 1 i*IMZA 1 <b©M£3£30-CM#fI-5f ( = Z 
B) £iISii§l 2 HCiti^-TS. -T&:b*i. mUMffi 1 
20B, 5>**t 2K:T. QP S K»>**.rt/Z B% 

[0138] &tC. £-fS>^t 3tCT. mm&l 2 2 
B. S15 (b) tC^-r<fc5K:. QPSK-»**;I/ZA 
2 7tcm^J-rSiifeK:. QPSK^>^ 
ZASaHHSl 2 3fcHtfjf<S. T-Si. SIS12 7 
B, if>)x-f h a, (t 3) '^QPSKV^ZA 
KSIIfcb-CSBMM- (a, (t3)'ZA) £20*81 2 
9«ctH;*rf 

[0 13 9] CCT\ m^tJS.A ha, (t 3) "ZA. 

(i^i-fFA") b. ±sEmimmmmxm^<tcj: 

5fC. MMSE^fiCS4 0AKJ:-?T. QPSK~»*' 
*ZA {?!J7>^A«r, (i) } ^SSli LfcQ 
PSKe/^ZA2 {iEBfI-?R. ( i ) } ©ffiffi*& 
O-ffiiH^^Jc^tC^&^nS. C©/c<s6. 
(a, (t3)"ZA) B, QPSK-»»ZA2(Cf 
t><ftS (ZA2=a, (t3)'ZA). S£or. 
S127B. QPSKi/>#;l/ZA2^ft]IS129K 

[0140] S/c. jUMH 1 2 1 B. 115 (b ) $Ctjk 
•TJzSiC. QPSKi/>»ZB%«gSl 28{CtB* 
•TSiifetC. QPSK~»#;UZB*515iSl 22«C 
ffl^-r-S. fg^Sl 2 8B, fi^x^a, (t3) " 
^QPSK^>^;bZB(C«mLT«g[M# (ax (t 

3 ) ■ z b ) *mnm 1 2 9 (cia^-r 

[0141] CC-C. ff>Ji^ ha, (t 3) • 

fx-fhA") b. ±s0 1 mmife-cm^tcj: 5 tc 

MMSEl»S4 0A«:J:oT 1 QPSK^WB 
{7->;T>^Ht-^r„ (i) } *»t»«tL/fcQPSK 
•»^ZB1 {SII«^R ( i ) } ©fefflMSE^«*S 

[0 14 2] Se-^r. (a, <t3) *ZB> 

B. QPSK^'AZB 1(C^L<&5 (ZBl = a 
» (t 3) *ZB) . S£o-C. ifgl 2 7B. 
ZB14jWBlZ9Kll«Jt»8. 

[0143] C C-C, im^i 1 2 9 B. 1 2 7 © 

^flfZBl iflnKEill 2 90QPSK^>*'*ZA 
2i^Jn#L,-CtnS<l^ (ZB 1 +ZA2) ttftffSl 
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30tctiittrz. mn&l 3 0KB. })IJ#iS (£> 3 0 
©fiSHI-^WXiOT. QPSK^^ZC. ZB 
1. ZA2W\t)2tlX. ft»S13 0ti, QPSKJ/ 
^^ZC, ZB1. ZA2ij!jn#«^ (ZB1+ZA 
2) i©ft»**a&. ^HS^ZCfciKISl 2 lKffi 

[0 1 44] ffc^lS, ^{fclHlSSl 2 0t*. 
t3Kt, QPSKi^^ZC^EEJ^rC^S. 

mass i 2 o ±&<D{'mt-gmmmn<<ci'mi, 

T. $-fS>^t4Kt, QPSK^^Jl'ZD^aj* 
U 5>:?t 5KT. QPSKVV^ZE^tH* 

[0145] JSLLKcfcO. ^ftHSSl 20tt, ±»©$D 
<. QPSKS^:JObZA~ZD:ft:W-£ffi;*rf 

-c^rs. asmtf. wbBKi 2 0«. fln*§ (s) 

3 OCftaftWXibT. filfM^-f Ps- hff#QP 
lti^^O? HI^QP2~QP 5 tCSj&ffl^ATJ 
Shr. IS/^O? Hf^QP2~QP5 4»Elt 

[0 14 6] ttte. JbE» 6 MMSE* 
SOT^r-f^n-TVft^QPSKIiMK 

mmvtcm<>c~?i<>-r:®wi>tc&. cnKPge-r. ofd 

[0 147] £<=>K. 2f3feg§©396K&7fc»). OFDM 
aflEfcS. CDMAj»I#5£. QPSK^I%ffll»fca 
«^S^«nK. UrfeJ:l». 

[0148] ft**. SI 1 ~J»6 JOBg»Ttt. MMS E 
MWS4 0A> 4 OB-CMMSE^SCDSM I T^=f'J 

[0149] (mimmmm) tc^-c, ±ia^is«fe 

JgSSK-r^fcMM S E#55;©T •(5'7U-7> 

f *> . ±f Sflf l **WB«c r jfi^fcMM s E #5$© 
7^t^7u-7>ftm flnl£3t3 o©rtWi 

WX«. SiO F DMff-^X (i) ©5%7 - 'J7> 

^AWr, ( i ) <fc-?-©;iS«-^R ( i ) 

^■ASpff Siafcis^Kftr-S &©©. ^'JT^^Uft^ r 

. ( i ) <tpj-:fri6]#>6G i ^mmrnn (.^mi) &m 
-e©G i3Bwt#*wwc*ai,»c4«:a 

5. 

[0150] S£5fc©P I*S®7^f^7I/-7> 

•ec-c. *jd7iQi»wc*iv»-c. S£*©p lessor 

^f-^7U-7>ftK«H.tffi$hfcfeO-C. 
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©*!£©« f££E 1 6 K^T. 
[0151] P IJSC07^f^7l'-7>ft 
ii. T^-f^S^l 1~14, 

s (£> 3 o. p i wm&4 i . mw%5 i a. mmm 

5 3AStf, 0 A^61tfiS$nrt^„ El 

[oi52] mm?§8 0 Ai*. ±e» 1 joe^Mtra 

"«&^>;7>^*mir, (i) «»T. C©7"'J7 
10 >yA*#r, ( i ) £«Bfl»R ( i ) ifeHfc&T 
S. JUT. ilMBSS8 OA^WTJm-^^m^lfB^R 
( i ) ' 

[ 0 1 5 3 ] fflU ^"UT>^A««C»r*W«# 

r (D <ommm». ±m<Dta<. ofdm-»#jv 

©#*- F -f > * -/WG I ©JBBJT GKtb^TJS < . 51 
»fl»R ( i ) ©Sfc *1 6it 

S. 

[0 154]»»S5 3Att 1 f^fx-f hA H £tiJ7J 
«#R ( i ) ' KSt#*bTS8WI*t {A"R ( i ) * } 
20 ftimS5 lAtt. St#<I# {A"R 

( i ) ' ] ij3D»S3 OOCfflHlWX ( i ) tZM 

misxtim&m* (fx < i > +a-r ( i > • > * 

[0155] PI »H4 1 K«. jnff#JfgflPf (W" 
X ( i ) +A"R ( i ) * ) . ffl^d-^R ( i ) ' . K. 
i>\ S<fOFDM{i#X ( i ) ^ATJSftT. P Itttt 
84 1 1*. AHMMMKHIft IfX ( i ) + A"R 

(i)' I I *^/hK-r-5»i'5KT>7 l ^'7i-< bWR. 

30 At*. ftatmWX < i ) K#ShSft#t^©5 

*>. a^m-^R (i) ' «rfc*"r$x-f n«t»). r 

yft'Jx-f hWli. SflOFDMi^X ( i ) K^* 

^fe^©^7j*^J^K-r s^x^hK^s. 

[0156] SHTi-fttf. P I 91*84 1 «. JP»#M 
<!#©«73 (W"X (i) +A"R (i) ' > ©5f3. W 
73fl-#R <i) ' *»<JdBM>**£*/Nc-rSJ:$te 

[0 1 5 7 ] 0 1 7 K*Jt,»r. gfSm#iGIJ1-j®^« 
-^i*515— ^t°l*i?.iiJ*L/ft:i %<Ols~ 5 a >© 

40 #£iH*7iVr. H17K*Jlr»T. Jm~*5«*JSi3|Elyfc 
i*. PIM07^f^7l/-7>ft, MMS 
E#5£©T y^f^ y7U-7>ft©iMO}^tt 
£;n-r. ftBltttt. MMSEM074f7*f^7*7U- 
T>7^^?:S^i U/c^(tm-K©S{f«S [deg], 

mmu. piM®7^?^7u-7>mi 

*i Ofc««m^©^«ft^ [deg]t?*5. ttMtt 
MNBEft (dB) 
[0 1 5 8] El 7K*Jt»r. MMSEM©7^f 
^7U-7>fti. P I *^©T -f ^"T U- 
50 7>ftiftt, T>f-7 v ->"V>**M&-2)fcfe. Gift 
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[0159] C C-C. MMS E^©T 

SVr. SftBU*. P I JttOT ^7V-7>ft 

3&>-5«fc5fC. MMS E*S©7 ^ ^7 P-7>f 

ntl^j:!,^. P I ifg&>T$-7=7~-{ ^7l/-7>ft 
•Ctt, BfiiflH»£n— ^©GI^@M-^*s»EESn 10 

[0160] (^8^»JM) *m8^Jfe^J-CK. 0 

i 8 tcjs-r «fc 5 tc, ±ta^7*5SJi5McD^-r«fiS{c. p 

-^•X7-f;U^4 2 0~4 2 5A5iiSnSnrt^„ 01 
8lCis^X* n-^U7^;W4 2 0~4 2 4B> 

of DMft^-x ( i ) tm^xm^mayoFUumn 

[0161] a-;-?X:7.,;l,£4 2 0~4 2 4«. Sft 
OF DMff-^X ( i ) ©5-fc-t©@f3£HifiB&l£«©J5fc»- 
(01 9#M> /dW^IROa-rcitCtD^ iSiSOF 20 
o£<5. H«©OFDMf 

■ww*. sfioFDMffi#x (i) <Dm®.m$m*m 

[0 162] 0-^7^^4251^ yVT^fr 

m^T. <i) fca^»-ciMH*^yr 

;Hifr. (i) 9t*©Bf3aiiisas««©fiE»ye»* 

[0163] CftKflM,*. W£®m8 OAS, SfflPW^" 30 

«;T>^-»nt^«:»brwtt*3BTOn*wr&u (0 

19m 8 ) ffl©iISfi-5f*3fc£>. CCDaSf^i* 

^^yr>^Ht^t©)PW%w*m#R d > • <t 

#©iB^^iaii. _k&©*n<. OFDM-^^®*'- 
F-O^-'VI/G I ©SSHTGtCJt^TSl*. 
[0 16 4] CCt\ HJ#fl»R (i ) ' ©9%SEftt 

•9©auB« w>7*w<<>y) b, «moFDM«# 
x ( i > ©j»»«»«tcj:-3-c»t*D. zommcmw 
^i<t5i. tt&?c&**-c&&. 40 

[0165] *C"C. *Jff8Xlt£JB©P I at*84 1 
». 7>ft^x-f l-WRDWfx-f HA©JE»C* 
ft: "3. OF D Mil -^ft-^K^x.-CB^i^O F DMflMMI 

(i) ' {Cft*.-C, «SR«^'yT>^'AHI#Ka-3l,»fc 
ti&9*R ( i ) ' feSUS - *-*. t©fc«>. R ( i ) © 

RtfflW?x-f hA*jaPf@«*«6rci*SBIt6«ctt 

[0166] ( * 9 Xttt&MO JbJESI 3 HttM-C« . 50 
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O F D MIf(D 7 y > T > «tM*Lh©fl» £ 

LTSffll//tMMSE]K<D7y7"f^7l/-7>f 

£>T. OFDMff^l»^W*FFTM (H 

02 OfC^T. 
[0 16 7] P I*S©7^7--(^7U-7>ft 
tt. T>7^^1 1~1 4. tIS2 0 1-204. 
fiOJMi (2) 3 0 0. F F THIS 8 0 1-8 0 4. FF 
T@ffi8 3 4, P ISS3SS4 2. M$i§5 1 OA. ft* 
S5 30A, WSEBR8 0A*»6«SE3nr^ 

5. 02 OtCfeUT. 05#©*?-5?<!:PJ— ff^tt, PI— 

[0168] 8 0 Att. ±151*18 Htf0^ttr j£ 

"tfcfcK. ^VT^JHHr, (i) iS^m-^R 

( i ) t*#&xmjjm j %R ( i ) • kisXMjj-rz. 

FFTHIS&8 3 4«. 7"'J7>7 , ^r, ( i ) <h$I 
Si-fR ( i ) £©*n^n©WJS!l^>#^%M5»JKlCC 

■9->^v>ifmMtsX^>zfv>ifuxtoD->^v 
>*fm^xFFT!®mvxmm^RFT c i ) ^mt} 

[0 16 9] *ffS5 3 0A». M7X-f hA"£# 
BMWRF T ( i ) icmWLX^Wm^ {A"R F T 

( i ) } JjtJ3riS5 1 0 AB, HUSfl^t- (A" 

R F T < i ) } ±M%-$£3 0 0 ©rtWtWX 

( i ) ' &*inffisrin*#JKflr* (W"X < i ) ' + 

A"RFT ( i ) ) <£r^3i>-S„ 

[ o 1 7 o ] p i i^»s4 2 tctt. ^sum-^x 
( i ) ' . AMMflre cwx ( i ) ■ +a»rft 

( i ) ' ) . Rtf. *MWf#RFT ( i ) &}Jl2ti 

-c. p i &its4 2 «. igmtsm^omti I wx 

( i ) • +A"RFT ( i ) ' I J *g/Nc-r-£<fc5K:T 
>ff?x-f hWf^x-f hA^Mff-TS. C© 

f^x^hAB, ftSHiWX ( i ) ' 
SnS<t^^©5%. *fiM»-9RFT ( i ) **T5flt 
-T^x-f hK^cD. 7>f«x-f hWB, ^FSIJ«-^X 

( i ) ' KdSfts^^RflEfl-omAiJt/htcrsfx 
[0171] anrrna. p i m&&4 2 », sn*#Ji 

ft# (W"X ( i ) ' +A"RFT ( i ) ' ) <D*>%. 
Sm^R FT(i)$li< fifc5*©S2j*«/h{cf 5 J: 5 
^^ft-Jx^ hWR0W>x-f hA^MUf-rs. 

(»io mMBM) i o n^^ssKfc »s, smi 

M©7^f^7l'-7>ftB, 02 lKSti 
^{C. T>r-f-^X ii, 12. #l£f§6 0 . F FT@ 
SS8 3. 80 1. 802. iffiS20 1. 202, )Bf 
S (2) 3 00. {tfSBCSl 0 0 0, ffiRSl 0 1 
0. m*M&\ 0 2 0. 1IS1 0 3 0*>6«fiR3ti"C 
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[0172] mnai o 3 o». mtf&wssmio 3 
i . mmwmmi 0 3 2. v^mssat i o 3 

3. RCf. tT^JftffSl 0 3 4**tl.. ttto. 02 1 

fcfcavr, ii. 12 4 5 ©!?)— W^K*. 151— ®&m-r. 
[0173] T>Ti-m* 1 1 TSHlStifc*! 

OFDMflfx, ( i ) ©r/y^T^JHt^Bv FF 

TH1K8 0 l-c-FFT^giSft-r, mW&&tcftWB^ 

ft, (1), ft, (2), ft, (3), ft, (4) 
d5*»6n5. Sfc. T>?^3fS-?-l 2-CS41S*vfcg 
fiOFDMIfx, (i)B. FFTIH8S8 0 2-CFF 10 

Tffiisnr, Mntse&BMHtf t, <i> . ft, 

(2) . f t, (3) . f t, (4) Jtt$ti>&ft&. t£ 

to, #mm*s<Di&m<Dtt&-i--4\-t. fft©*^> 

[0 17 4] CCt. SflOFDMil^x, (i ) , x, 
(i) . #S9ffl»f t, (1) ~f t, (3) . &09FJH 
<t#f t, ( 1 ) ~f t, (3) ^©iStC'** 

[0175] 

[»28] X (i) = [x, (i) x, (i)] T 20 
[0176] 

UR2 9] FT, ( i ) = [ f t, (1 ) ft, (2) 

f t, (3) ] T 
[0177] 

[»3 0 J FT, ( i ) = [ f t, (1 ) f t, (2) 
f t, (3) ] T 
JtS?Ei§2 0 IB. T>?^£x-f hw,*£FT, ( i ) 
t<DWm (w,"FT, ( i ) ) fS3¥f§2 0 2 

B. TVWi-fhw.'iFT, ( i > i©tf?'M 
(w,'FT, ( i ) ) 30 
[0 17 8] &(t, JP^S U) 3 0 OB. SI#S§2 0 
1. 2 0 2tCj;5tf?'Ja (w,-FT, (i) ). (w," 

ft, c i ) > wmmxM'm-*. tu*>%. n 

5>« (w x *FT, <i ) ) . Cw,*FT, (i) > . T> 

* hJW«iB-r-si. ft&vsco 3ook:j:^-c. r> 
•y-^x-f bwi^uft^x ( i ) ' t<Dftmzm?ft 
BHtwx ( i ) - *5^?»n?». *fc. flsiw 
x ( i ) ' b. s*s£3 3^-r i^fc-^f hA-anasn 

5. 40 
[0179] 
[»3 1 ] 

X ( i ) ' = [FT, ( i ) FT, ( i ) ] T 
[0180] 

[«3 2] W= [w, w, ] T 
[0181] 

[«3 3] WX (i ) ' = [w,* ft, ( 1 ) +wr f 
t, (1) w," f t, (2) +w," f t, (2) w,' 
f t, (3) +w," f t, (3) ] T 

9tfC, BTMfiSfcHS#£ It, OF DM§ 50 
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#©7 , ';T>^Ht-^r (( (i) £H£U C<D?'VT 
>7)Vmnr. (i) B. MMWiUifcWRO'Wn? 

ft:. FFTW8 3«. O F DMiWJ T^-Mt 

^r, ( i ) % f f T&ksi/ -cmmm^mm^sm^ 

rf, (1), rf, (2).rf,(3) £*sd£. 
[ 0 1 8 2 ] &tC. &*BHI&i§ 1 0 0 0 B. B>fS#SlJ{f 
f, (1) £4a©{£fIS (0- 0' . 2 0' 3 

ff#r f, (1 0) . r f, (1 20) . r f, (1 
3 0) <t. BfM#53!J<l-^ r f , (1) i^iiiMS. 
[0183] 3 {6*90611 1 0 0 0 B, j?fa#i?9 
ff#r f , (2) £4«©fe*IS (o- . e- . 2 0 

• . 39' )tmmwm.vx. c<Dm$mmztitcm 

M^SOff r f, (2 0). rf, (2 20). rf 
,(2 3 0) i. r f, (2) tZtUtl? 

[0184] ttffiBKB 1 0 0 0 B. STM^Hfa 

f, (3) 44a©fitl* (0- 0- . 2 0- 3 
0' ) /cW@eME!l/-C. C©lalS^SSnfc3T^FS9 
ft#rf,(3 0). rf,(3 20). r f , (3 

30) i. mwt%m^T f, o) t*mi?%. 

[0185] C C-C. mm#%mn rf, ( l ) ~ r f , 
(1 30). rf,(2)~rf,(2 3 0), rf 
, (3)~rf, (3 30) B. SSSS 34 fc*<TJ:9 

[0 18 6] 
[&34] 



BS= 



Cii 

C21 

C 3 1 

C41 



Cl2 

Czz 

C32 

C42 



C13 
Cz3 

C33 
C43 



rfi(1) O 0 
O rfi(2) O 
O O rfi(3) 



[0187]fIU CtflJ, gfcS;3 5 fc^TtdrfBS. 

t itmm^tm-^. f i*jB*»*wr*#r*s. 
ife^35(cr. c,, = c„ = c, 5 . c„ = c,,= 

C 23 „ C31 = C 32 = CaaT^^-So 

[0188] 

[S35] Ctf=exp {-2 k j • (j-1) • 
(t-1) /3) 

CCT. ffifBHIsB1 0 0 0©H«J«#tt> 
F F TIalSg 8 4 ©aWjfi-Sfi: F F TH& 8 3 ©Hi^M-^ 
£*#tffct>©&<«rc*S. T£*>5. FFTH8S8 
4 B. atBH^S lOOOiifeK. 7- y T >^Wa-^ 
r, (i) (C*fbr^-hV>^-^;VWrB E IT <! <fct)^Ci 
5BKB*|ffl*SJtSL. C ©StES? n/diMBtra* F FT® 

[0189] ^(C, tg^S 1 0 1 0 $i, gTM&IUf^fB 
Si#SiJ{f#X (i) ' i©f@K<iiK?r*JO^. &to. 
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oxmm (bs xx < i ) • ) tc£K>?mhtiz>. 
[oi9o] mtRmm 102011, ttnftKtcs-A* 
x. mmtmm^B &mmx < i ) • t<o 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The antenna multiplication means which carries out the multiplication of each antenna 
weight to the input signal received by two or more antenna elements (11 — 1M) and said two or 
more antenna elements (21 — 2M), An addition means by which said antenna weight adds each 
input signal by which multiplication was carried out, and outputs an addition signal (30), A 
reference-sign calculation means to ask for a reference sign from the 1 st known signal and the 
2nd known signal (51-53, 51 A, 53A), The adaptive array antenna characterized by having an 
updating means (40A, 41) to update said antenna weight according to the input signal received 
by said two or more antenna elements, said addition signal, and said reference sign. 
[Claim 2] Said 2nd known signal is an adaptive array antenna according to claim 1 characterized 
by being the delay signal which carried out predetermined period delay to said 1 st known signal. 
[Claim 3] The adaptive array antenna according to claim 2 characterized by having said delay 
means (80) to carry out predetermined period delay and to search for said 2nd known signal for 
said 1 st known signal. 

[Claim 4] Said two or more antenna elements receive the signal which has the component of said 
1st known signal, and the component of said 2nd known signal as said input signal, respectively. 
Based on the input signal received by said two or more antenna elements, it has a time delay 
calculation means (100) to find the time delay of the component of the 2nd [ to the component 
of said 1st known signal / said ] known signal. Said delay means is an adaptive array antenna 
according to claim 2 characterized by only for said time delay delaying said request known signal, 
and searching for said 2nd known signal. 

[Claim 5] A delay signal generation means by which only time amount which is different to said 
1st known signal, respectively generates two or more delay signals for ******** (90), The 
correlating detector which performs correlation detection of said two or more delay signals and 
said input signal (131a-134c), The adaptive array antenna according to claim 2 characterized by 
having a selection means (135a-136) to choose any of two or more of said delay signals they are 
as said 2nd known signal based on the correlation detection of said correlating detector. 
[Claim 6] Said reference-sign calculation means is equipped with the weight multiplication 
section (53) which carries out the multiplication of the signal weight to said 2nd known signal. 
This signal weight adds said 1st known signal to said 2nd known signal by which multiplication 
was carried out, and it asks for said reference sign. Said updating means It is the adaptive array 
antenna of any one publication among claims 1-5 characterized by updating said signal weight 
according to the input signal received by said two or more antenna elements, the 2nd [ said ] 
known signal, said reference sign, and said addition signal. 

[Claim 7] An oppression means to add a return signal in order to oppress the component of said 
2nd known signal among the addition signals of said addition means (129 130), An addition signal 
delay means only for a predetermined period to delay said addition signal and to generate a delay 
addition signal (121-124), The adaptive array antenna according to claim 6 characterized by 
having a multiplication means (125-128) to carry out the multiplication of said signal weight to 
said delay addition signal, and to ask for said return signal. 

[Claim 8] A received frequency discrimination means to carry out frequency discrimination of the 
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receiving OFDM signal received by two or more antenna elements (1 1 — 1M) and said two or 
more antenna elements, respectively, and to search for a discrimination signal (801-80M), The 
antenna multiplication means which carries out the multiplication of the antenna weight to said 
each discrimination signal by which frequency discrimination was carried out (201-20M), An 
addition means by which said antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A request frequency 
judgment means to search for the request discrimination signal with which frequency 
discrimination of the request OFDM signal was carried out (84), A delay means to search for the 
delayed discrimination signal delayed to said request discrimination signal (90 83), A reference 
addition means to add said request discrimination signal to said delayed discrimination signal with 
which the multiplication of the signal weight was carried out to said delayed discrimination signal, 
and the multiplication of this signal weight was carried out, and to ask for a reference sign (510, 
520, 530), According to each of said discrimination signal and said delayed discrimination signal, 
said addition signal is brought close to said reference sign. The adaptive array antenna 
characterized by having an updating means (40B) to update said antenna weight and said signal 
weight so that the component except the both sides of said request discrimination signal and a 
delayed discrimination signal may be oppressed among said each discrimination signal. 
[Claim 9] A received frequency discrimination means to carry out frequency discrimination of the 
receiving OFDM signal received by two or more antenna elements (11-14) and said two or more 
antenna elements, respectively, and to search for a discrimination signal (801-804), The antenna 
multiplication means which carries out the multiplication of the antenna weight to said each 
discrimination signal by which frequency discrimination was carried out (201-204), An addition 
means by which said antenna weight adds each discrimination signal by which multiplication was 
carried out, and outputs an addition signal (300), A delay means to search for the delay OFDM 
signal which carried out predetermined period delay to the request OFDM signal (80A), A request 
frequency judgment means by which the both sides of said request OFDM signal and said delay 
OFDM signal search for the request discrimination signal by which frequency discrimination was 
carried out (834), A reference addition means to carry out the multiplication of the signal weight 
to said request discrimination signal, and to ask for a reference sign (530A), An addition 
reference-sign calculation means to add said reference sign and said addition signal, and to ask 
for an addition reference sign (51 OA), The adaptive array antenna characterized by having an 
updating means (42) to update said antenna weight and said signal weight so that power of the 
component except the component of said request discrimination signal may be made small 
among said addition reference signs. 

[Claim 10] The adaptive array antenna according to claim 8 or 9 characterized by having a 
generation means (60) to generate the preamble signal with which the known signal was arranged 
on the frequency shaft as said request OFDM signal. 

[Claim 11] It is the adaptive array antenna according to claim 10 which said received frequency 
discrimination means carries out the thump rig of said receiving OFDM signal, acquires each 
sampling signal, searches for said discrimination signal according to said each sampling signal, 
and is characterized by said time delay being the predetermined multiple of the period of said 
sampling. 

[Claim 1 2] Said delay means is the adaptive array antenna of any one publication of claim 8-1 1 
characterized by outputting said delayed discrimination signal of the request number. 
[Claim 13] The request number of said delayed discrimination signal is an adaptive array antenna 
according to claim 12 characterized by the guard interval period of the data signal of said 
request OFDM signal, the period of said sampling, and being the maximum number it is decided 
be alike. 

[Claim 14] A means for said reference-sign calculation means to carry out the multiplication of 
the signal weight to said 1st and 2nd known signals, and to ask for said reference sign (53A), It 
has a means (51 A) to add said reference sign and said addition signal, and to ask for an addition 
reference sign. Said updating means (41) The adaptive array antenna according to claim 2 or 3 
characterized by updating said antenna weight and said signal weight so that power of the 
component except said 1st and 2nd known signals may be made small among said addition 
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reference signs. 

[Claim 1 5] The antenna multiplication means which carries out the multiplication of each antenna 
weight to the input signal received by two or more antenna elements (11-14) and said two or 
more antenna elements (21 — 24), An addition means by which said antenna weight adds each 
input signal by which multiplication was carried out, and outputs an addition signal (30), A 
received signalling frequency output means to output the received signalling frequency which 
shows the component of a narrow frequency band compared with the frequency band of these 
input signals among the input signals received by said two or more antenna elements, 
respectively (420-423), A known signalling frequency output means to output the known 
signalling frequency which shows the component of said narrow frequency band among known 
signals (424), A delay means to search for the delay signalling frequency which carried out 
predetermined period delay to said known signalling frequency (80A), A reference-sign 
calculation means to carry out the multiplication of the signal weight to said delay signalling 
frequency and said known signalling frequency, and to ask for a reference sign (53A), An addition 
reference-sign calculation means to add said reference sign and said addition signal, and to ask 
for an addition reference sign (51 A), The adaptive array antenna characterized by having an 
updating means (41) to update said antenna weight and said signal weight so that power of the 
component except said delay signalling frequency and said known signalling frequency may be 
made small among said addition reference signs. 

[Claim 16] A received frequency discrimination means to carry out frequency discrimination of 
the receiving OFDM signal received by two or more antenna elements (11 12) and said two or 
more antenna elements, respectively, and to search for a discrimination signal (801 802), The 
antenna multiplication means which carries out the multiplication of the antenna weight to said 
each discrimination signal by which frequency discrimination was carried out (201 202), An 
addition means by which said antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A known frequency judgment 
means to carry out frequency discrimination of the known OFDM signal, and to search for a 
known discrimination signal (83), A phase revolution means only for each amount of phases to 
carry out a phase revolution to said known discrimination signal, and to search for the phase 
revolution known discrimination signal corresponding to said each amount of phases (1000), A 
correlation means to take correlation with the phase revolution known discrimination signal 
corresponding to said each amount of phases, and said each discrimination signal, and to 
calculate the correlation value corresponding to said each amount of phases (1010), While 
choosing a maximum correlation value among the correlation values corresponding to said each 
amount of phases the phase revolution known discrimination signal corresponding to said each 
amount of phases — with a selection means (1020) to choose the response phase revolution 
known discrimination signal corresponding to said maximum correlation value inside While making 
small the component except the phase revolution known discrimination signal corresponding to 
said each amount of phases among said addition signals The adaptive array antenna 
characterized by having an updating means (1034) to update said antenna weight so that it may 
leave said response phase revolution known discrimination signal at least among said addition 
signals. 

[Claim 1 7] A received frequency discrimination means to carry out frequency discrimination of 
the receiving OFDM signal received by two or more antenna elements (11 12) and said two or 
more antenna elements, respectively, and to search for a discrimination signal (801 802), The 
antenna multiplication means which carries out the multiplication of the antenna weight to said 
each discrimination signal by which frequency discrimination was carried out (201 202), An 
addition means by which said antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among said each 
discrimination signal compared with said discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among said known 
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discrimination signals compared with said known discrimination signal (1041), Only the amount of 
phases which is different to said narrow-band known discrimination signal, respectively carries 
out a phase revolution. A phase revolution means to search for the signal according to phase 
rotary valve of the narrow-band corresponding to said each amount of phases (1000), A 
correlation means to take correlation with the signal according to phase rotary valve of the 
narrow-band corresponding to said each amount of phases, and said each discrimination signal, 
and to calculate the correlation value corresponding to said each amount of phases (1010), While 
choosing a maximum correlation value among the correlation values corresponding to said each 
amount of phases A selection means to choose the signal according to phase rotary valve of the 
narrow-band corresponding to said maximum correlation value among the signals according to 
phase rotary valve of each of said narrow-band (1020), While making small the component 
except the phase revolution known discrimination signal of the narrow-band corresponding to 
said each amount of phases among said addition signals The adaptive array antenna 
characterized by having an updating means (1033) to update said antenna weight so that it may 
leave the signal according to phase rotary valve of said corresponding narrow-band at least 
among said addition signals. 

[Claim 18] A received frequency discrimination means to carry out frequency discrimination of 
the receiving OFDM signal received by two or more antenna elements (11 12) and said two or 
more antenna elements, respectively, and to search for a discrimination signal (801 802), The 
antenna multiplication means which carries out the multiplication of the antenna weight to said 
each discrimination signal by which frequency discrimination was carried out (201 202), An 
addition means by which said antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among said each 
discrimination signal compared with said discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among said known 
discrimination signals compared with said known discrimination signal (1041), The phase 
revolution means which carries out the phase revolution of said narrow-band known 
discrimination signal (1000), The adaptive array antenna characterized by having an updating 
means (1030A) to update said antenna weight so that power of the component except said 
narrow-band known discrimination signal and said narrow-band known discrimination signal by 
which the phase revolution was carried out may be made small among said addition signals. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to an adaptive array antenna. 
[0002] 

[Description of the Prior Art] In recent years, the various proposals of the adaptive array 
antenna of the MMSE method which receives the input signal of a rectangular cross multi-carrier 
method are made. First, the outline of the signal (the signal of a rectangular cross multi-carrier 
method is hereafter called OFDM signal) of a rectangular cross multi-carrier method is explained 
with reference to drawing 25 and drawing 26 . 

[0003] As shown in drawing 25 , the OFDM signal consists of a data signal and a preamble signal 
before this data signal. A preamble signal is a signal which arranged two or more pilot symbols 
(known signal) on the frequency shaft. A data signal consists of two or more OFDM symbols by 
which time multipled was carried out, and an OFDM symbol consists of a guard interval GI before 
an effective symbol and this effective symbol. 

[0004] the guard interval GI — an effective symbol — the predetermined period part on [ inner ] 
the backside is copied. Therefore, if the time delay of the delay signal over a desired OFDM 
signal is shorter than the period TG of the guard interval GI when the sum of a desired OFDM 
signal and a desired delay signal is received as an input signal as shown in drawing 26 , data (for 
example, QPSK symbol) can restore an input signal by FFT processing (frequency discrimination 
processing). 

[0005] Next, the adaptive array antenna of an MMSE (Minimum Mean Square Error) method is 
explained with reference to drawing 23 . Drawing 27 shows the outline configuration of the 
adaptive array antenna of an MMSE method. The adaptive array antenna of an MMSE method is 
an antenna element 11. — They are 1M and a multiplier 21. — It consists of 2M, the adder 
(sigma) 30, an MMSE computing element 40, an adder 50, and a generator 60. In addition, M is 
the natural number. 

[0006] Antenna element 11 — 1M receive an OFDM signal through an electric wave, and output 
the receiving OFDM signal X (i), respectively. Here, the receiving OFDM signal X (i) can be 
expressed with a formula 1. T shows transposition, i shows time of day. 
[0007] 
[Equation 1] 

X(i) =[ — x1(i) x2(i) — [ ] — xM (i) — ] — T — this sake — antenna element 1 1 — 1 M — 
respectively — the receiving OFDM signal x1 (i), x2 (i), and — xM (i) is outputted. Moreover, the 
MMSE computing elements 50 are multipliers 21 and 22. — Multiplication is carried out to each 
of 2M at the antenna weight WH. 

[0008] Here, the antenna weight WH can be expressed with a formula 2. H is complex-conjugate 

transposition. 

[0009] 

[Equation 2] A multiplier 20 carries out the multiplication of the receiving OFDM signal x1 (i) to 
antenna weight w1*, and outputs a multiplication signal (w1*x1(i)), and a multiplier 21 carries out 
the multiplication of the receiving OFDM signal x2 (i) to antenna weight w2*, and outputs a 
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multiplication signal (w2*x2 (i)) to a W=[w1 w2 — wM] T concrete target. Multiplier 2M carry out 
the multiplication of the receiving OFDM signal XM (i) to antenna weight wM*, and output a 
multiplication signal (wM*xM (i)). 

[0010] An adder (sigma) 30 is a multiplication signal (w1*x1(i)) and a multiplication signal (w2*x2 

(0) . — The inner product signal WHX (i) which shows the inner product of the antenna weight W 
and the receiving OFDM signal X (i) is searched for by adding a multiplication signal (wM*xM (0). 
a generator 60 memorizes a reference sign rO (i) beforehand, and outputs this reference sign rO 

(1) to an adder 50, and an adder 50 asks for error [ of a reference sign rO (i) and the inner 
product signal WHX (i) ] e (i) — {— e(i) =r0(i)- WHX (i) — } . The MMSE computing element 40 
updates the antenna weight W so that this error e (i) may be made small by considering the 
receiving OFDM signal X (i) and error e (i) as an input, and it is multipliers 21 and 22 about that 
antenna weight W. — It outputs to 2M. 

[0011] Here, the delay signal except a request known signal etc. can be oppressed among the 
receiving OFDM signals X (i) by adopting a request known signal (for example, preamble signal on 
a time-axis) as a reference sign rO (i). Incidentally, in the adaptive array antenna of an MMSE 
method, the number of the known signals (null point) which can be oppressed is prescribed by 
the number of antenna elements, and it is (the number of antenna elements). - It is "1." 
Hereafter, the number of the known signals (null point) which can be oppressed is called degree 
of freedom. 
[0012] 

[Problem(s) to be Solved by the Invention] By the way, in the adaptive array antenna of an 
MMSE method, although the time delay of the delay signal over a request known signal can 
restore data (the data 1 in drawing 26 - data 4) from an input signal if it is shorter than the 
period TG of the guard interval GI when the sum of a request known signal and its delay signal is 
received as an input signal like the delay signal (henceforth the delay signal in GI) 

concerned will be oppressed. 

[0013] It becomes impossible thus, to compound two or more signals and to raise the receiving 
engine performance by there being no need of oppressing and oppressing the delay signal in GI 
which can be restored and compounded. 

[0014] moreover, null [ in / in order to oppress the delay signal in GI / an adaptive array 
antenna ] — the delay signal delayed for the delay signal in GI since a point would be formed — 
like — original — null — the signal which should form a point — null — there is a problem of it 
becoming impossible to form a point. That is, the degree of freedom of an adaptive array antenna 
will be consumed vainly. 

[0015] This invention aims at offering the adaptive array antenna which held down useless 

consumption of a degree of freedom in view of the above. 

[0016] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this invention in 
invention according to claim 1 The antenna multiplication means which carries out the 
multiplication of each antenna weight to the input signal received by two or more antenna 
elements (1 1 — 1M) and two or more antenna elements (21 — 2M), An addition means by which 
antenna weight adds each input signal by which multiplication was carried out, and outputs an 
addition signal (30), A reference calculation means to ask for a reference sign from the 1st 
known signal and the 2nd known signal (51-53, 51 A, 53A), It is characterized by having an 
updating means (40A, 41) to update antenna weight according to the input signal, reference sign, 
and addition signal which were received by two or more antenna elements. 

[0017] Here, a reference sign is computed from the 1st and 2nd known signals, and an updating 
means updates antenna weight according to a reference sign and the above-mentioned input 
signal concerned, the 2nd known signal, and an addition signal. For this reason, an updating 
means can oppress the component except the 1st and 2nd known signals by renewal of antenna 
weight among the input signals received by two or more antenna elements. Therefore, since 
oppression of the 2nd known signal is prevented and a signal component with the need for 
oppression can originally be oppressed when oppression of the 2nd known signal is unnecessary, 
the Nur point can be formed in an effective target. For this reason, useless consumption of the 
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degree of freedom of an adaptive array antenna is held down. 

[0018] Moreover, since the component except the 2nd known signal is oppressed among [ 1st ] 
input signals, the composite signal of the 1 st and 2nd known signals can be acquired among input 
signals. Here, like invention according to claim 2, the 2nd known signal can acquire a good 
recovery signal, when it is the delay signal which carried out predetermined period delay to said 
1st known signal and gets over using the composite signal of the 1st and 2nd known signals 
compared with the case where it restores only to the 1 st known signal. 

[0019] Furthermore, you may make it have a delay means (80) to carry out predetermined period 
delay of the 1st known signal, and to search for the 2nd known signal like invention according to 
claim 3. Moreover, the 2nd known signal is not prepared beforehand but you may make it search 
for the 2nd known signal according to an input signal. 

[0020] Like invention according to claim 4, namely, two or more antenna elements The signal 
which has the component of the 1st known signal and the component of the 2nd known signal is 
received as an input signal, respectively. Based on the input signal received by two or more 
antenna elements, it has a time delay calculation means (100) to find the time delay of the 
component of the 2nd [ to the component of the 1st known signal ] known signal, and only a time 
delay delays a request known signal and you may make it a delay means search for the 2nd 
known signal. 

[0021] Furthermore, a delay signal generation means by which only time amount which is 
different to the 1 st known signal, respectively generates two or more delay signals for ******** 
like invention according to claim 5 (90), You may make it have the correlating detector (131a- 
1 34c) which performs correlation detection of each delay signal of a delay signal generation 
means, and said input signal, and a selection means (135a-136) to choose any of two or more 
delay signals they are as 2nd known signal based on the correlation detection of a correlating 
detector. 

[0022] Like invention according to claim 6, specifically a reference-sign calculation means The 
1 st known signal is added to the 2nd known signal with which the multiplication of the signal 
weight was carried out to the 2nd known signal, and the multiplication of this signal weight was 
carried out, and it asks for a reference sign. An updating means You may make it update signal 
weight according to the input signal and the 2nd known signal which were received by two or 
more antenna elements, a reference sign, and an addition signal. 

[0023] An oppression means to add a return signal by invention according to claim 7 here in 
order to oppress the component of the known signal of [ 2nd ] the addition signals of an addition 
means (129 130), It is characterized by having an addition signal delay means (121-124) only for 
a predetermined period to delay an addition signal and to generate a delay addition signal, and a 
multiplication means (125-128) to carry out the multiplication of said signal weight to a delay 
addition signal, and to ask for said return signal. Thereby, an oppression means oppresses the 
component of the 2nd known signal among addition signals, and can output only the component 
of the 1st known signal. 

[0024] Two or more antenna elements [ invention / according to claim 8 ] (1 1 — 1M), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801-80M), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201-20M), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A request frequency 
judgment means to search for the request discrimination signal with which frequency 
discrimination of the request OFDM signal was carried out (84), A delay means to search for the 
delayed discrimination signal delayed to the request discrimination signal (90 83), A reference 
addition means to add a request discrimination signal to the delayed discrimination signal with 
which the multiplication of the signal weight was carried out to the delayed discrimination signal, 
and the multiplication of this signal weight was carried out, and to ask for a reference sign (510, 
520, 530), According to each of said discrimination signal and said delayed discrimination signal, 
said addition signal is brought close to said reference sign. It is characterized by having an 
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updating means (40B) to update said antenna weight and said signal weight so that the 
component except the both sides of said request discrimination signal and a delayed 
discrimination signal may be oppressed among said each discrimination signal. 
[0025] Thus, an updating means updates antenna weight and signal weight so that the 
component except the both sides of a request discrimination signal and a delayed discrimination 
signal may be oppressed among each discrimination signal. For this reason, since oppression of a 
delayed discrimination signal is prevented and a signal component with the need for oppression 
can originally be oppressed when oppression of a delayed discrimination signal is unnecessary, 
the Nur point can be formed in an effective target. For this reason, useless consumption of the 
degree of freedom of an adaptive array antenna is held down. 

[0026] Moreover, since an updating means updates antenna weight and signal weight so that the 
component except the both sides of a request discrimination signal and a delayed discrimination 
signal may be oppressed among each discrimination signal like ****, it can obtain the both sides 
of a request discrimination signal and a delayed discrimination signal among each discrimination 
signal. If it gets over using the both sides of such a request discrimination signal and a delayed 
discrimination signal, a good recovery signal will be acquired compared with the case where it 
gets over only by the request discrimination signal. 

[0027] Two or more antenna elements [ invention / according to claim 9 ] (1 1-14), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by said two or more antenna elements, respectively, and to search for a 
discrimination signal (801-804), The antenna multiplication means which carries out the 
multiplication of the antenna weight to said each discrimination signal by which frequency 
discrimination was carried out (201-204), An addition means by which said antenna weight adds 
each discrimination signal by which multiplication was carried out, and outputs an addition signal 
(300), A delay means to search for the delay OFDM signal which carried out predetermined 
period delay to the request OFDM signal (80A), A request frequency judgment means by which 
the both sides of said request OFDM signal and said delay OFDM signal search for the request 
discrimination signal by which frequency discrimination was carried out (834), A reference 
addition means to carry out the multiplication of the signal weight to said request discrimination 
signal, and to ask for a reference sign (530A), An addition reference-sign calculation means to 
add said reference sign and said addition signal, and to ask for an addition reference sign (51 OA), 
It is characterized by having an updating means (42) to update said antenna weight and said 
signal weight so that power of the component except said request discrimination signal may be 
made small among said addition reference signs. 

[0028] Thus, since an updating means updates antenna weight and signal weight so that power of 
the component except the component of request discrimination ****** may be made small 
among addition reference signs, it can make small power of the component except the 
component of a request discrimination signal among addition reference signs. Therefore, while 
oppression of the signal with which oppression of a request discrimination signal is prevented, 
namely, frequency discrimination of the request OFDM signal was carried out is prevented, 
oppression of the signal with which frequency discrimination of the delay OFDM signal was 
carried out is prevented. 

[0029] For this reason, since a signal component with the need for oppression can originally be 
oppressed when oppression of the signal with which frequency discrimination of the delay OFDM 
signal was carried out is unnecessary, the Nur point can be formed in an effective target. For 
this reason, useless consumption of the degree of freedom of an adaptive array antenna is held 
down. 

[0030] Moreover, you may make it have a generation means (60) to generate the preamble signal 
with which the known signal was arranged on the frequency shaft as said request OFDM signal 
like invention according to claim 10. Furthermore, like invention according to claim 11, a received 
frequency discrimination means may carry out the thump rig of the receiving OFDM signal, each 
sampling signal may be acquired, said discrimination signal may be searched for according to 
each sampling signal, and you may make it a time delay be the predetermined multiple of the 
period of a sampling. 
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[0031] Furthermore, in invention according to claim 12, a delay means is characterized by 
outputting one delayed discrimination signal and said delayed discrimination signal of the request 
number. Thereby, like invention according to claim 1 , an updating means can update said each 
antenna weight and signal weight so that the component except said request discrimination 
signal and the delayed discrimination signal of the request number may be oppressed among said 
each discrimination signal. 

[0032] Furthermore, in invention according to claim 13, the request number of a delayed 
discrimination signal is characterized by being the maximum number decided by the guard 
interval period of the data signal of a request OFDM signal, and the period of a sampling. 
Thereby, further, since oppression of many delayed discrimination signals can be prevented, 
useless consumption of the degree of freedom of an adaptive array antenna can be held down 
effectively. In addition, the maximum number of a delayed discrimination signal is {(period of a 
guard interval period / sampling) -1}. 

[0033] In invention according to claim 14, a reference-sign calculation means A means to carry 
out the multiplication of the signal weight to said 1st and 2nd known signals, and to ask for said 
reference sign (53A), It has a means (51 A) to add said reference sign and said addition signal, 
and to ask for an addition reference sign. Said updating means (41) It is characterized by 
updating said antenna weight and said signal weight so that power of the component except said 
1 st and 2nd known signals may be made small among said addition reference signs. 
[0034] Thus, since an updating means (41) updates antenna weight and signal weight so that 
power of the component except the 1st and 2nd known signals may be made small among 
addition reference signs, it can make small power of the component except the 1st and 2nd 
known signals among addition reference signs. For this reason, control of the 1 st and 2nd known 
signals can be prevented, and since a signal component with the need for oppression can 
originally be oppressed when control of the 2nd known signal is unnecessary, the Nur point can 
be formed in an effective target. 

[0035] Two or more antenna elements [ invention / according to claim 15 ] (11-14), The antenna 
multiplication means which carries out the multiplication of each antenna weight to the input 
signal received by said two or more antenna elements (21 — 24), An addition means by which said 
antenna weight adds each input signal by which multiplication was carried out, and outputs an 
addition signal (30), A received signalling frequency output means to output the received 
signalling frequency which shows the component of a narrow frequency band compared with the 
frequency band of these input signals among the input signals received by said two or more 
antenna elements, respectively (420-423), A known signalling frequency output means to output 
the known signalling frequency which shows the component of said narrow frequency band 
among known signals (424), A delay means to search for the delay signalling frequency which 
carried out predetermined period delay to said known signalling frequency (80A), A reference- 
sign calculation means to carry out the multiplication of the signal weight to said delay signalling 
frequency and said known signalling frequency, and to ask for a reference sign (53A), An addition 
reference-sign calculation means to add said reference sign and said addition signal, and to ask 
for an addition reference sign (51 A), It is characterized by having an updating means (41) to 
update said antenna weight and said signal weight so that power of the component except said 
delay signalling frequency and said known signalling frequency may be made small among said 
addition reference signs. 

[0036] Thus, since an updating means updates antenna weight and signal weight so that power of 
the component except delay signalling frequency and known signalling frequency may be made 
small among addition reference signs, it can make small power of the component except delay 
signalling frequency and known signalling frequency among addition reference signs. For this 
reason, control of delay signalling frequency and known signalling frequency can be prevented, 
and since a signal component with the need for oppression can originally be oppressed when 
control of delay signalling frequency is unnecessary, the Nur point can be formed in an effective 
target. 

[0037] Here, the count of updating of antenna weight and signal weight is decided by the 
frequency band of an input signal, and since it replaces with an input signal in renewal of antenna 
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weight and signal weight and the known signalling frequency of a narrow frequency band is used 
for it like **** compared with the frequency band of an input signal, it can reduce the count of 
updating of antenna weight and signal weight. 

[0038] Moreover, two or more antenna elements [ invention / according to claim 16 ] (11 12), A 
received frequency discrimination means to carry out frequency discrimination of the receiving 
OFDM signal received by two or more antenna elements, respectively, and to search for a 
discrimination signal (801 802), The antenna multiplication means which carries out the 
multiplication of the antenna weight to each discrimination signal by which frequency 
discrimination was carried out (201 202), An addition means by which antenna weight adds each 
discrimination signal by which multiplication was carried out, and outputs an addition signal (300), 
A known frequency judgment means to carry out frequency discrimination of the known OFDM 
signal, and to search for a known discrimination signal (83), A phase revolution means only for 
each amount of phases to carry out a phase revolution to a known discrimination signal, and to 
search for the phase revolution known discrimination signal corresponding to each amount of 
phases (1000), A correlation means to take correlation with the phase revolution known 
discrimination signal corresponding to each amount of phases, and each discrimination signal, and 
to calculate the correlation value corresponding to each amount of phases (1010), While 
choosing a maximum correlation value among the correlation values corresponding to each 
amount of phases the phase revolution known discrimination signal corresponding to each 
amount of phases — with a selection means (1020) to choose the response phase revolution 
known discrimination signal corresponding to a maximum correlation value inside While making 
small the component except the phase revolution known discrimination signal corresponding to 
each amount of phases among addition signals, it is characterized by having an updating means 
(1034) to update antenna weight so that it may leave a response phase revolution known 
discrimination signal at least among addition signals. 

[0039] Thus, an updating means updates the antenna weight which makes small the component 
except the phase revolution known discrimination signal corresponding to each amount of phases 
among addition signals. Therefore, the component except the phase revolution known 
discrimination signal corresponding to each amount of phases can be made small among addition 
signals. For this reason, control of the phase revolution known discrimination signal 
corresponding to each amount of phases can be prevented, and since a signal component with 
the need for oppression can originally be oppressed when control of the phase revolution known 
discrimination signal corresponding to each amount of phases is unnecessary, the Nur point can 
be formed in an effective target. 

[0040] Furthermore, an updating means updates antenna weight so that it may leave the 
response phase revolution known discrimination signal corresponding to a maximum correlation 
value at least among addition signals. Therefore, it can leave the response phase revolution 
known discrimination signal corresponding to a maximum correlation value at least among 
addition signals. 

[0041] Here, since a response phase revolution known discrimination signal is equivalent to the 
phase revolution known discrimination signal of a maximum-electric-power value among the 
phase revolution known discrimination signals corresponding to each amount of phases, it can 
acquire the big revolution known discrimination signal of a received-power value by leaving a 
response phase revolution known discrimination signal. 

[0042] Two or more antenna elements [ invention / according to claim 17 ] (11 12), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801 802), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201 202), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among each 
discrimination signal compared with a discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
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to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among known 
discrimination signals compared with a known discrimination signal (1041), Only the amount of 
phases which is different to a narrow-band known discrimination signal, respectively carries out 
a phase revolution. A phase revolution means to search for the signal according to phase rotary 
valve of the narrow-band corresponding to each amount of phases (1000), A correlation means 
to take correlation with the signal according to phase rotary valve of the narrow-band 
corresponding to each amount of phases, and each discrimination signal, and to calculate the 
correlation value corresponding to each amount of phases (1010), While choosing a maximum 
correlation value among the correlation values corresponding to each amount of phases A 
selection means to choose the signal according to phase rotary valve of the narrow-band 
corresponding to a maximum correlation value among the signals according to phase rotary valve 
of each narrow-band (1020), While making small the component except the phase revolution 
known discrimination signal of the narrow-band corresponding to each amount of phases among 
addition signals, it is characterized by having an updating means (1033) to update so that it may 
leave at least the signal according to phase rotary valve of the narrow-band which corresponds 
among addition signals. 

[0043] Thus, since an updating means updates the antenna weight which makes small the 
component except the phase revolution known discrimination signal of the narrow-band 
corresponding to each amount of phases among addition signals, it can make small the 
component except the phase revolution known discrimination signal of the narrow-band 
corresponding to each amount of phases among addition signals. For this reason, control of the 
phase revolution known discrimination signal of the narrow-band corresponding to each amount 
of phases can be prevented, and since a signal component with the need for oppression can 
originally be oppressed when control of the phase revolution known discrimination signal of the 
narrow-band corresponding to each amount of phases is unnecessary, the Nur point can be 
formed in an effective target. 

[0044] Furthermore, an updating means updates antenna weight so that it may leave the phase 
revolution known discrimination signal of the narrow-band corresponding to a maximum 
correlation value at least among addition signals. Therefore, it can leave the phase revolution 
known discrimination signal of the narrow-band corresponding to a maximum correlation value at 
least among addition signals. 

[0045] Here, since said corresponding phase revolution known discrimination signal of a narrow- 
band is equivalent to the phase revolution known discrimination signal of a maximum-electric- 
power value among the phase revolution known discrimination signals corresponding to each 
amount of phases, it can acquire the big revolution known discrimination signal of a received- 
power value by leaving said corresponding phase revolution known discrimination signal of a 
narrow-band. 

[0046] Here, since the signal according to phase rotary valve of a narrow-band is used when an 
updating means updates antenna weight, the amount of operations for updating can be reduced 
compared with invention according to claim 16. 

[0047] Two or more antenna elements [ invention / according to claim 18 ] (1 1 12), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801 802), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201 202), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among each 
discrimination signal compared with a discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among known 
discrimination signals compared with a known discrimination signal (1041), The phase revolution 
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means (1000) which carries out the phase revolution of the narrow-band known discrimination 
signal, and the inside of an addition signal, It is characterized by having an updating means 
(1030A) to update antenna weight so that power of the component except a narrow-band known 
discrimination signal and said narrow-band known discrimination signal by which the phase 
revolution was carried out may be made small. 

[0048] Thus, since antenna weight is updated so that power of the component except the 
narrow-band known discrimination signal by which the phase revolution was carried out with the 
narrow-band known discrimination signal among addition signals may be made small, power of the 
component except a narrow-band known discrimination signal and said narrow-band known 
discrimination signal by which the phase revolution was carried out can be made small among 
addition signals. For this reason, control of a narrow-band known discrimination signal and said 
narrow-band known discrimination signal by which the phase revolution was carried out can be 
prevented, and since a signal component with the need for oppression can originally be 
oppressed when control of a narrow-band known discrimination signal and said narrow-band 
known discrimination signal by which the phase revolution was carried out is unnecessary, the 
Nur point can be formed in an effective target. 

[0049] Here, since said narrow-band known discrimination signal by which the phase revolution 
was carried out and signal according to phase rotary valve of a narrow-band are used when an 
updating means computes antenna weight, the amount of operations for updating can be 
reduced. 

[0050] Incidentally, the sign in the parenthesis of each above-mentioned means is an example 
which shows response relation with the concrete means of a publication to the operation gestalt 
mentioned later. 
[0051] 

[Embodiment of the Invention] (The 1 st operation gestalt) The adaptive array antenna of the 
MMSE method which starts the 1st operation gestalt of this invention at drawing 1 is shown. In a 

1 operation gestalt, the adaptive array antenna of an MMSE method shows the example 
which receives an OFDM signal. Drawing 1 is a block diagram about the outline configuration of 
the adaptive array antenna of an MMSE method. The adaptive array antenna of an MMSE 
method is an antenna element 1 1 , as shown in drawi ng 1 . — They are 1 M (M is the natural 
number) and a multiplier 21. — It consists of 2M, an adder (sigma) 30, MMSE computing-element 
40A, adders 51 and 52, a multiplier 53, and generators 60 and 70. In drawing 1 , the same sign as 
the sign in drawing 18 shows the same object or a substantial same object. 
[0052] A generator 60 generates the preamble signal rO of an OFDM signal (i) as a request 
known signal, and this preamble signal rO (i) is a signal with which two or more pilot symbols 
(known signal) were arranged on the frequency shaft. 

[0053] A generator 70 generates the delay signal of U (U is the natural number) individual to the 
preamble signal rO (i) as other known signals, and U delay signals have a different time delay to a 
preamble signal, respectively. However, each time delay of U delay signals over a preamble signal 
is short compared with the period TG of the guard interval GI of an OFDM symbol, and is 
hereafter set to delay signal R (i) which shows U delay signals in a formula 3. 
[0054] 
[Equation 3] 

R — (— i — ) — = — [— r — one — (— i — ) r — two — (— i — ) rU — (— i — ) 

— ] — T — next — a multiplier — 53 — a formula — four — expressing — a signal — weight - 

- AH — delay — a signal — R — ( — i — ) — multiplication — carrying out — a formula — five 

— being shown — multiplication — a signal — { — AHR — ( — i — ) — } — outputting . 
[0055] 

[Equation 4] A= [a1 a2 — aU] T [0056] 

[Equation 5] AHR(i) =a1*r1(i)+a2*r2(i) — aU*rU (i) 

Next, an adder 52 adds the preamble signal rO (i) and the multiplication signal AHR (i), and 
outputs an addition signal (r0(i)+AHR(i)X Here, an addition signal (r0(i)+AHR(i)) turns into a 
composite signal (reference sign) of the preamble signal rO (i) and delay signal R (i). And an adder 
51 asks for error [ of an addition signal (r0(i)+AHR(i)) and the inner product signal WHX of an 
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adder 30 (i) ] e (i). Here, error e (i) can be expressed to a formula 6. 
[0057] 

[Equation 6] To e(i) =rO(i)+AHR(i)-WHX, next MMSE computing-element 40A The receiving 
OFDM signal X (i), delay signal R (i), and error e (i) are inputted. MMSE computing-element 40A 
for example, SMI (Sample Matrix Inversion) of an MMSE method, while updating the antenna 
weight W and outputting to a multiplier 21 and 22 — 2M so that error e (i) may be made small 
based on law The signal weight A is updated and it outputs to a multiplier 53 so that error e (i) 
may be made small based on the SMI method of an MMSE method. 

[0058] Thereby, as an inner product signal WHX of an adder 30, the component except preamble 
signal rO (i), (request known signal), and delay signal R (i) (other known signals) becomes a 
repressed signal among the receiving OFDM signals X (i). 

[0059] Here, the signal weight A is called for so that MMSE computing-element 40A may show 
the phase contrast and the amplitude difference of delay signal R (i) and a (the 2nd known signal) 
on the basis of the preamble signal rO (i) and (the 1st known signal). 

[0060] Hereafter, the description of a **** 1 operation gestalt is described. First, the time delay 
of delay signal R (i) to the preamble signal rO can restore data (for example, QPSK data symbol) 
for the inner product signal WHX of an adder 30 by FFT processing (frequency discrimination), 
without oppressing delay signal R (i) among the receiving OFDM signals X (i) like since it is 

short compared with the period TG of the guard interval GI. 

[0061] That is, oppression of delay signal R (i) is unnecessary among the receiving OFDM signals 
X (i). So, with a **** 1 operation gestalt, a repressed signal is acquired for the component 
except the preamble signal rO (i) and the delay signal AHR (i) among the receiving OFDM signals 
X (i) as an inner product signal WHX of an adder 30 like ****. 

[0062] For this reason, since oppression of delay signal R (i) is prevented and a signal 
component with the need for oppression can originally be oppressed, the Nur point can be 
formed in an effective target. Therefore, useless consumption of the degree of freedom of the 
adaptive array antenna of an MMSE method can be held down. 

[0063] Moreover, since the addition signal (r0(i)+AHR(i)) of the preamble signal rO (i) and delay 
signal R (i) is acquired, if it restores to this addition signal as an inner product signal WHX of an 
adder 30, a good recovery signal will be acquired compared with the case where it restores to 
the preamble signal rO (i). 

[0064] Here, the result of a simulation is shown in drawing 2 . An axis of abscissa is the receiving 
include angle [deg] of the received electric wave on the basis of the adaptive array antenna of 
an MMSE method among drawing 2 , and an axis of ordinate is an oppression ratio (dB). The 
chain line shows the result of the simulation which used the adaptive array antenna of the 
conventional MMSE method. A continuous line shows the result of the simulation which used the 
adaptive array antenna of the MMSE method of a **** 1 operation gestalt. 
[0065] Although the delay signal in GI is oppressed in the adaptive array antenna of the 
conventional MMSE method so that drawing 2 may show, oppression of the delay signal in GI is 
prevented in the adaptive array antenna of the MMSE method of a **** 1 operation gestalt. 
However, the delay signal in GI is a delay signal which has a short time delay compared with 
Period (guard interval GI) TG to a request signal (preamble signal rO). 

[0066] Below, the SMI algorithm of the MMSE method of MMSE computing-element 40A in a 
**** 1 operation gestalt is described. First, error e (i) shown in a formula 6 can be transformed, 
and error e (i) can be expressed like a formula 7. 
[0067] 
[Equation 7] 

e (i) =r 0 (i) +R (i) A H -W"X 

= r 0 (i) - tflFX-R (i) AM 
= r 0 (i) -Y B Z (i) 

Y is the antenna weight W and weight including the both sides of the signal weight A here, as 
shown in a formula 8, and Z (i) is a signal including the both sides of the receiving OFDM signal X 
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(i) and delay signal R (i), as expressed to a formula 9. 
[0068] 

[Equation 8] Y= [w1 w2 w3 — wM-a1-a2-a3 aU] T [0069] 

[Equation 9] Z — = — [ — x — one — ( — i — ) x2 — ( — i — ) x — three — ( — i - 

-) .... xM — ( — i — ) r — one — ( — i — ) r — two — ( — i — ) r — three — 

( — i — ) — rU — ( — i — ) — ] — TSMI — an algorithm — an odor — a formula — ten — being 
shown — a performance index — Q — direct — minimizing . However, alpha is the weighting 
constant of 0< alpha<=1. 
[0070] 

[Equation 10] 
Q(i)=la G - f |e{i)| 2 

i=l 

[0071] Furthermore, the gradient vector about the weight Y of a formula 7 is set with zero, and 
the least square of a performance index Q is obtained like a formula 1 1 . This formula 1 1 shows 
the formula for updating weight Y (G). However, G is time amount (thump rig time amount), and G 
shows the count of updating of Weight Y (number of steps). 
[0072] 

[Equation 11] 

Y(G)=B" 1 (G)b(G) 

[0073] Here, a formula 12 and a formula 13 are shown for B in a formula 11, and b. 
[0074] 

[Equation 12] 
B=Za G - | Z{i)Z H (i) 

[0075] 

[Equation 13] 

b(G>- ia^ l Z(\)r Q *(i) 

[0076] (The 2nd operation gestalt) Although the example which adopted the generator 70 was 
explained with the above-mentioned 1st operation gestalt in order to generate delay signal R (i) 
and (U delay signals), you may make it generate delay signal R (i) using the preamble signal 
outputted not only from this but from the generator 60. The configuration in this case is shown 
in drawing 3 and drawing 4 . 

[0077] Drawing 3 is the block diagram showing the configuration of the adaptive array antenna of 
the MMSE method of a **** 2 operation gestalt, and drawing 4 is drawing showing the detail of 
the delay circuit in drawing 3 (henceforth a delay circuit 80). With the **** 2 operation gestalt, 
as shown in drawing 3 , while the generator 60 shown in drawing 1 is deleted, the delay circuit 80 
is adopted. In drawing 3 , the same sign as the sign in drawin g 1 shows the same object or a 
substantial same object. 

[0078] A delay circuit 80 is arranged between a generator 60 and a multiplier 53, and outputs 
delay signal R (i) stated with the above-mentioned 1 st operation gestalt in response to the 
preamble signal outputted from the generator 60. 

[0079] Specifically, a delay circuit 80 is the delay signal r1 (i) with which the series connection of 
the delay machines (Z-1) 801, 802, and 803 and the — 80U is carried out, it is constituted, and 
the delay machines 801, 802, and 803 and — 80U correspond, respectively as shown in drawing 
4 , and r2 (i). — rU (i) is outputted to MMSE computing-element 40A and a multiplier 53. Other 
actuation and effectiveness are the same as the above-mentioned 1st operation gestalt. 
[0080] (The 3rd operation gestalt) Although the adaptive array antenna of an MMSE method 
explained the example which adopted the pudding AMBURU signal of an OFDM signal as a signal 
on a time-axis with the above-mentioned 1st and 2nd operation gestalt, you may make it adopt 
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each discrimination signal which carried out FFT processing (frequency judgment) of the pudding 
bull signal of not only this but an OFDM signal. The configuration in this case is shown in drawing 
5 - drawing 8 . It is ****** with which drawing 5 is drawing showing the configuration of the 
adaptive array antenna of a **** 3 operation gestalt, and drawing 6 indicates the detail 
configuration of the FFT circuit 83 in drawing 5 to be. Drawing 7 is drawing showing actuation of 
the delay circuit 90 of drawing 5 , and drawin g 8 is drawing showing actuation of the FFT circuit 
in drawing 6 . 

[0081] With the **** 3 operation gestalt, as shown in drawing 5 , MMSE arithmetic circuit 40B is 
replaced with and adopted as MMSE arithmetic circuit 40A in drawing 1 , and Multipliers 201- 
20M are replaced with and adopted as the multipliers 21-2M in drawin g 1 . Multipliers 510-530 
are replaced with and adopted as the multipliers 51-53 in drawing 1 . Furthermore, the FFT 
circuits 801-80M, and 83 and 84 are added. The FFT circuit 801 carries out FFT processing of 
the pudding AMBURU signal of the receiving OFDM signal x1 of an antenna element 11 (i). The 
FFT circuit 801 samples only N (N is the natural number) time as every [ of the above- 
mentioned pudding AMBURU signal ] effective symbol (refer to drawing 1 7 ) (analog to digital 
conversion), carries out FFT processing based on each sampling signal, and, specifically, is the 
discrimination signal ft1 for every frequency (1), and ft1 (2). — ft1 (N) may be outputted. Here, 
they are the discrimination signal ft1 (1) and ft1 (2). — ft1 (N) can be summarized and can be 
expressed with a formula 14. Moreover, N is the count of a sampling of the above-mentioned 
effective symbol, and is the point size of FFT of the above-mentioned effective symbol. 
[0082] 

[Equation 14] As substantially as the FFT circuit 801, similarly, the FT1(i) =[ft1(1) ft1(2) ft1(3) — 
ft1 (N)] TFFT circuit 802 carries out FFT processing of the pudding AMBURU signal of the 
receiving OFDM signal x1 of an antenna element 1 1 (i), and is the discrimination signal ft2 for 
every frequency (1), and ft2 (2). — ft2 (N) is outputted. Furthermore, the discrimination signal ft2 
(1), ft2 (2) — ft2 (N) is summarized and can be expressed with a formula 15. 
[0083] 

[Equation 15] FT2(i) =[ft2(1) ft2(2) ft2(3) — Ft2 (N)] TFFT circuit 80M carry out FFT processing 
of the pudding AMBURU signal of the receiving OFDM signal xM of antenna element 1M (i) 
similarly substantially with the FFT circuit 801, and are the discrimination signal ftM for every 
frequency (1), and ftM (2). — ftM (N) is outputted. Furthermore, the discrimination signal ftM (1), 
ftM (2) — ftM (N) is summarized and can be expressed with a formula 1 6. 
[0084] 

[Equation 16] FTM(i) =[— ftM(1) ftM(2) ftM(3) — ftM (N) — ] — T — here — a **** 3 operation 
gestalt — FT1 (i) f FT2 (i), and — [0085] made into discrimination signal X (i)' as FTM (i) is 
summarized and it is shown in a formula 1 7 

[Equation 1 7] X — (— i ~) — ' — = — [— FT — one — (— i ~) FT — two — (— i — ) 

— FTM — (— i — ) — ] — T — next — a multiplier — 201 - 20 — M — the antenna weight WH 

— discrimination signal X (i)' — multiplication — carrying out . That is, a multiplier 201 obtains a 
result (w1*FT1 (i)) in quest of the product of antenna weight w1* and FT1 (i). A multiplier 202 
obtains a result (w2*FT2 (i)) in quest of the product of antenna weight w2* and FT2 (i). 
Furthermore, multiplier 20M obtain a result (wM*FTM (i)) in quest of the product of antenna 
weight wM* and FTM (i). 

[0086] next — an adder (sigma) — 300 — a multiplier — 201 - 20 — M — depending — a 
result (w1*FT1 (i)) — (— w — two — * — FT — two — (— i — ) — ) — (wM*FTM (i)) — a 
frequency — every — adding — things — an antenna — weight — W — discrimination a 
signal — X — ( — i — ) — ' — an inner product — being shown — an inner product — a signal - 

— WHX — (— i — ) — ' — asking . 

[0087] Incidentally, as inner product signal WHX (i)\ as shown in a formula 18, the inner product 
signal of the N individual fx1(1) fx2(2) — fxM(N) is packed. Furthermore, for example, fx1 (1) can 
express an inner product signal with a formula 19, and the inner product signal fx2 (2) can be 
expressed with a formula 20. Furthermore, the inner product signal fxM (N) can be expressed 
with a formula 21. 
[0088] 
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[Equation 18] WHX(i)'= [ficKD fx2(2) ~fxM(N)] T [0089] 
[Equation 19] ficKD =w1* and ft1 (1) +w2*, ft2 (1) — wM*, ftM (1) 
[0090] 

[Equation 20] fx2(2) =w1* and ft1 (2) +w2* f ft2 (2) — wM*, ftM (2) 
[0091] 

[Equation 21] fxM(N) =w1* and ft1 (N) +w2*, ft2 (N) — wM*, ftM (N) 

Next, delay circuits 90 are the delay preamble signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS) 
over this preamble signal rO (i), in response to the fact that the preamble signal rO of an OFDM 
signal (i) and the (request known signal) from a generator 60, as shown in drawing 6 . — OF (t+p- 
tS) is generated. 

[0092] However, tS is the time amount which shows the sampling period of the FFT circuits 801- 
80M, and (p+1) is the count of the sampling at the time of sampling the guard interval GI of an 
OFDM symbol by time amount tS. 

[0093] Thereby, they are the delay preamble signals OF (t+tS) and OF (t+2, tS). ~ OF (t+p-tS) 
has a time delay shorter than the guard interval period TG to the preamble signal rO (i), 
respectively. Furthermore, as the number of a delay preamble signal, it is the maximum number 
defined with the guard interval period TG and a sampling period tS {p=(TG/tS)-1}. 
[0094] Here the delay preamble signal OF (t+tS) As shown in drawin g 7 , by the signal which 
delayed only time amount tS to the preamble signal rO (i) the delay preamble signal OF (t+2, tS) 
It is the signal which delayed only time amount 2 tS to the preamble signal rO (i), and the delay 
preamble signal OF (t+3, tS) is a signal which delayed only time amount 3 and tS to the preamble 
signal rO (i). The delay preamble signal OF (t+p-tS) is a signal which delayed only time amount p- 
tS to the preamble signal rO (i). 

[0095] Next, the FFT circuits 83 are the delay preamble signals OF (t+tS), OF (t+2, tS), and OF 
(t+3, tS) from a delay circuit 90, as shown in drawing 6 . — Each effective symbol of OF (t+p-tS) 
is sampled with a sampling period tS in juxtaposition, and FFT processing is carried out by the 
sampling signal. Specifically, the FFT circuits 83 are the FFT processing sections 831, 832, and 
833. — It has 83p, and as shown in drawing 8 , the FFT processing section 831 carries out FFT 
processing of the effective symbol of the delay preamble signal OF (t+tS) with a sampling period 
tS, and outputs delayed discrimination signal R (1). However, delayed discrimination signal R (1) 
can be expressed with a formula 22. This delayed discrimination signal R (1) has a signal 
component for every frequency. 
[0096] 

[Equation 22] R(1) = — f1(1) f1(2) f1 (3) — f1 (N) — " — T — the FFT processing section 
832 outputs delayed discrimination signal R (2) shown in a formula 23 again by carrying out FFT 
processing of the effective symbol of the delay preamble signal OF (t+2, tS) with a sampling 
period tS, as shown in drawing 8 . This delayed discrimination signal R (2) has a signal component 
for every frequency. Furthermore, FFT processing section 83p outputs delayed discrimination 
signal R (p) shown in a formula 24 by carrying out FFT processing of the effective symbol of the 
delay preamble signal OF (t+p-tS) with a sampling period tS, as shown in drawing 8 . Delayed 
discrimination signal R (p) has a signal component for every frequency. 
[0097] 

[Equation 23] R — ( — two — ) — = — " — f — two — ( — one — ) f — two — ( — two — 

) f — two — (— three — ) — f — two — (— N — ) — " — T — [ — 0098 — ] 

[Equation 24] R — ( — p — ) — = — " — fp — ( — one — ) fp — ( — two — ) fp — 

( — three — ) — fp — ( — N — ) — " — T — next — drawing 5 — being shown — FFT — a 
circuit — 84 — drawing 8 — being shown — as — the preamble signal rO of the OFDM signal 
from a generator 60 (i) — ( — = — the effective symbol of OF (t)) is sampled with a sampling 
period tS, and FFT processing is carried out by these sampling signal. Thereby, the FFT circuit 
84 outputs request discrimination signal rO (i)\ as shown in a formula 25. Request discrimination 
signal rO (i)' has a signal component for every frequency. 
[0099] 

[Equation 25] r — zero — ( — i — ) — ' — = — " — f — zero — ( — one — ) f — zero — 

( — two — ) f — zero — ( — three — ) — f — zero — ( — N — ) — " — T — next — a 
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multiplier — 530 — the product of the signal weight AH and delayed discrimination signal R (i) — 
taking — an output signal {AHR (i)} — outputting . However, the signal weight A in a **** 3 
operation gestalt is shown in a formula 26. In addition, an output signal {AHR (i)} packs the output 
signal of N individual, and is written. 
[0100] 

[Equation 26] An adder 520 adds the output signal {AHR (i)} of a multiplier 530, and request 
discrimination signal rO (i)' to an A=[a1 a2 — aP] T pan, and outputs an addition signal (r0(i)'+AHR 
(i)) to it. An adder 510 asks for error [ with addition signal (rO(i)'+AHR(0) and inner product 
signal / of an adder 30 / WHX (i)' ] e (i). 

[0101] Here, to MMSE computing-element 40B, discrimination signal X (i)\ and delayed 
discrimination signal R (i) and error e (i) are inputted, and MMSE computing-element 40B 
updates the signal weight A while updating the antenna weight W like the above-mentioned 1st 
and 2nd operation gestalt so that error e (i) may be made small based on the SMI method of an 
MMSE method. Thereby, as inner product signal [ of an adder 300 ] WHX (i)\ the component 
except request discrimination signal rO (i)' (request known signal) and delayed discrimination 
signal R (i) (other known signals) becomes a repressed signal among discrimination signal X (i)\ 
Thereby, the same effectiveness is substantially acquired with the above-mentioned 1 st and 2nd 
operation gestalt. 

[0102] In addition, at the above-mentioned 3rd operation gestalt, they are the delay preamble 
signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS). — Although the example which obtained 
delayed discrimination signal R (i) based on OF (t+p-tS) was explained, delayed discrimination 
signal R (i) may be obtained not only based on this but based on request discrimination signal rO 
(i)'. 

[0103] (The 4th operation gestalt) Although the adaptive array antenna of an MMSE method 
explained the example which receives an OFDM signal with the above-mentioned 1~3rd 
operation gestalt, the adaptive array antenna of not only this but an MMSE method may be 
applied to a CDMA communication link. The configuration in this case is shown in drawing 9 . 
[0104] The matched filter 100 and the RAKE composition machine 110 are added and 
constituted from drawing 9 by the circuit shown in drawing 3 . Furthermore, it replaces with the 
delay circuit 80 shown in drawing 3 , and delay circuit 80A is adopted. In drawing 9 , the same 
sign as the sign in drawing 1 shows the same object or a substantial same object, however — 
each — ANTENANA component 11 — 1M — an OFDM signal — replacing with — a CDMA signal 
— receiving — the receiving CDMA signal x1 (i), x2 (i), and — xM (i) is outputted. 
[0105] Next, actuation of a **** 4 operation gestalt is explained with reference to drawing 10 . 
Hereafter, four antenna elements 11-14 are adopted, and the example to which antenna 
elements 11-14 output each is explained. A matched filter 100 performs correlation detection 
with the pilot signal (known signal) (i) rO from each and a generator 60 for the receiving CDMA 
signal x1 (i), x2 (i), x3 (i), and x4 (i) in juxtaposition. 

[0106] concrete — a matched filter 100 — the 1- it has the 4th matched filter section (not 
shown). The 1st matched filter section carries out correlation detection of the receiving CDMA 
signal x1 (i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 10 (a)), and 
the 2nd matched filter section considers correlation detection with a pilot signal rO (i) as 
receiving CDMA signal x2 (i), and outputs a correlation signal (refer to drawing 10 (b)). 
[0107] The 3rd matched filter section carries out correlation detection of the receiving CDMA 
signal x3 (i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 10 (c)), and 
the 4th matched filter section carries out correlation detection of the receiving CDMA signal x4 
(i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 10 (d)). However, by 
draw ing 10 (a) - (d), an axis of ordinate shows a correlation value, and an axis of abscissa shows 
time amount by it. 

[0108] here — a matched filter 100 — the 1- the correlation signal from the 4th matched filter 
section is added, and the delay information on the basis of the time of the input of a pilot signal 
rO (i) and a (request signal) is acquired based on the addition result. This delay information shows 
the delay signal of a time delay shorter than desired time amount among receiving CDMA signal 
x1(i) -x4(i). The example shown in drawing 10 (e) shows the example of** from which td1, td2, 
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td3-td6 are obtained as delay information. Then, using the delay information td1-td6, delay 
circuit 80A outputs delay signal R (i) and (other known signals), as shown in drawing 10 (f). 
[0109] That is, delay circuit 80A is rO (t+td1), rO (t+td2), and rO (t+td2). — rO (t+td6) is 
outputted. For example, to a pilot signal rO (i), only the time delay td1 is delayed and, as for rO 
(t+td2), only the time delay td2 is delayed by rO (t+td1) to a pilot signal rO (i). As for rO (t+td6), 
only the time delay td6 is delayed to a pilot signal rO (i). Other actuation is substantially [ as the 
circuit shown in drawing 3 ] the same. 

[01 10] By the above, it is the receiving CDMA signal x1 (i) as an inner product signal WHX from 
an adder (sigma). — A repressed signal is acquired for the component except a pilot signal rO (i) 
(request signal) and its delay signals rO (t+td1)-r0 (t+td6) (other known signals) among xM(s) (i). 
And the RAKE composition machine 110 will perform a RAKE composition recovery using the 
inner product signal WHX concerned, if a signal required for a RAKE composition recovery is 
prepared here as delay signals rO (t+td1)-r0 (t+td6) — an oppression of a signal unnecessary for 
a RAKE composition recovery sake — null — a point can be formed. Therefore, useless 
consumption of the degree of freedom of the adaptive array antenna of an MMSE method can be 
held down like the above-mentioned 1st operation gestalt. 

[01 1 1] In addition, the adaptive array antenna of an MMSE method is applied to the 
communication link of a CDMA method, and although the example which acquires the delay 
information on the CDMA input signal X (i) with a matched filter 100 was shown, you may make it 
acquire the delay information on the receiving OFDM signal of not only this but the above- 
mentioned 1st and 2nd operation gestalt with a matched filter 100 in the above-mentioned 4th 
operation gestalt. 

[0112] (The 5th operation gestalt) Although the 2 above-mentioned operation gestalten 
explained the example which set up beforehand a request known signal and other known signal 
****, you may make it choose a request known signal and other known signals among delay 
signal R (i) not only according to this but according to the receiving OFDM signal X (i). 
[01 13] The configuration in this case is shown in drawing 1 1 and drawing 12 . Drawing 1 1 shows 
the configuration of the adaptive array antenna of the MMSE method in a **** 5 operation 
gestalt. Drawing 1 2 shows the detail configuration of the request signal selection circuitry in 
drawing 1 1 (following and request signal selection circuitry 130). 

[01 14] As the adaptive array antenna of the MMSE method of a **** 5 operation gestalt is 
shown in drawing 1 1 , the request signal selection circuitry 130 is added to the circuit shown in 
drawing 3 . In drawing 1 1 , the same sign which drawing 3 shows shows the same object or a real 
target the same object. 

[01 15] A delay circuit 90 receives the preamble signal rO from a generator 60 (i), and is the delay 
preamble signals OF (t+tS) and OF (t+2, tS). — OF (t+U-tS) is generated. However, U is the 
delay preamble signal [ as opposed to / are the natural number and / the preamble signal rO (i) ] 
OF (t+tS). — Each time delay of OF (t+U-tS) is short compared with the guard interval period 
TG of an OFDM signal. 

[01 16] the receiving OFDM signal X (i) and delay preamble signal OF(t+tS) — OF (t+U-tS) input 
into the request signal selection circuitry 130 — having — the request signal selection circuitry 
130 — the receiving OFDM signal X (i) — responding — delay preamble signal OF(t+tS) — 
request known signal rO (i)' and delay signal R (i) are chosen among OF(s) (t+U-tS). 
[0117] Specifically, the request signal selection circuitry 130 consists of Correlators 131a-131c, 
132a-132c, 133a-133c, 134a~134c, adders (sigma) 135a-135c, a maximum judging machine 136, 
and a selection circuitry 1 37, as shown in Rawing 1 2 . 

[01 18] Next, actuation of a **** 5 operation gestalt is explained with reference to drawing 12 . 
The example which adopted only four antenna elements called antenna elements 11-14, and 
adopted three delay preamble signals of the delay preamble signals OF (t+tS), OF (t+2, tS), and 
OF (t+3, tS) hereafter is explained. First, antenna elements 11-14 output the receiving OFDM 
signal x1 (i), x2 (i), x3 (i), and x4 (i), respectively. 

[0119] Next, correlator 131a performs correlation detection of the delay preamble signal OF 
(t+tS) and the receiving OFDM signal x1 (i), and correlator 132a performs correlation detection 
of the delay preamble signal OF (t+tS) and receiving OFDM signal x2 (i). Correlator 133a 
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performs correlation detection of the delay preamble signal OF (t+tS) and the receiving OFDM 
signal x3 (i), and correlator 134a performs correlation detection of the delay preamble signal OF 
(t+tS) and the receiving OFDM signal x4 (i). 

[0120] Adder 135a adds the correlation detecting signal from each of Correlators 131a, 132a, 
133a, and 134a, and outputs an addition signal. Here, the addition signal of adder 135a shows 
correlation with the delay preamble signal OF (t+tS), the receiving OFDM signal x1 (i), x2 (i), x3 
(i), and x4 (i). 

[0121] Next, correlator 131b performs correlation detection of the delay preamble signal OF (t+2, 
tS) and the receiving OFDM signal x1 (i), and correlator 132b performs correlation detection of 
the delay preamble signal OF (t+2, tS) and receiving OFDM signal x2 (i). Correlator 133b 
performs correlation detection of the delay preamble signal OF (t+2, tS) and the receiving OFDM 
signal x3 (i), and correlator 1 34b performs correlation detection of the delay preamble signal OF 
(t+2, tS) and the receiving OFDM signal x4 (i). 

[0122] Adder 135b adds the correlation detecting signal from each of Correlators 131b, 132b, 
1 33b, and 1 34b, and outputs an addition signal. The addition signal of adder 1 35b shows 
correlation with the delay preamble signal OF (t+2, tS), the receiving OFDM signal x1 (i), x2 (i), x3 
(i), and x4 (i). 

[0123] Next, correlator 131c performs correlation detection of the delay preamble signal OF (t+3, 
tS) and the receiving OFDM signal x1 (i), and correlator 132c performs correlation detection of 
the delay preamble signal OF (t+3, tS) and receiving OFDM signal x2 (i). Correlator 133c 
performs correlation detection of the delay preamble signal OF (t+3, tS) and the receiving OFDM 
signal x3 (i), and correlator 1 34c performs correlation detection of the delay preamble signal OF 
(t+3, tS) and the receiving OFDM signal x4 (i). 

[0124] Adder 135c adds the correlation detecting signal from each of Correlators 131c, 132c, 
133c, and 134c, and outputs an addition signal. The addition signal of adder 135c shows 
correlation with the delay preamble signal OF (t+3, tS), the receiving OFDM signal x1 (i), x2 (i), x3 
(i), and x4 (i). 

[0125] Next, the maximum judging machine 136 judges the addition signal (henceforth a maximum 
addition signal) which serves as maximum among each addition signal from Adders 135a-135c, 
and outputs the maximum recognition signal which shows this maximum addition signal to a 
selection circuitry 137. Among the delay preamble signals OF (t+tS), OF (t+2, tS), and OF (t+3, 
tS), a selection circuitry 1 37 chooses the delay preamble signal corresponding to a maximum 
recognition signal as request known signal Ki)\ and outputs it. Furthermore, a selection circuitry 
137 outputs two delay preamble signals except the delay preamble signal corresponding to a 
maximum recognition signal as other known signals R (i) among the delay preamble signals OF 
(t+tS), OF (t+2, tS), and OF (t+3, tS). Other actuation is substantially [ as the above-mentioned 
2nd operation gestalt ] the same. 

[0126] In addition, in the above-mentioned 5th operation gestalt, although the example which 
adopted four antenna elements 11-14 was explained, if the number of not only this but an 
antenna element is two or more pieces, it is good without limit. Furthermore, although the 
above-mentioned 5th operation gestalt explained per [ which adopted three delay preamble 
signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS) ] example, any number of numbers of not only 
this but a delay preamble signal are good. 

[0127] In addition, as correlator shown in a **** 5 operation gestalt, various correlators, such as 
slide correlator and a matched filter, may be applied in operation of this invention. 
[0128] (The 6th operation gestalt) With a **** 6 operation gestalt, the circuit where the 
equalizing circuit (henceforth an equalizing circuit 120) was added is adopted as the circuit of 
the above-mentioned 2nd operation gestalt, by the equalizing circuit 1 20, others and a known 
signal are oppressed among the inner product signals WHX of an adder 30 (i), and the repressed 
signal is outputted as an output signal. The configuration in this case is shown in drawing 13 and 
drawing 14 . 

[0129] Drawing 1 3 is drawing showing the configuration of the adaptive array antenna of the 
MMSE method of a **** 6 operation gestalt. Drawing 14 shows the detail configuration of the 
equalizing circuit 1 20 in drawing 1 3 . In drawin g 1 3 , the same sign in drawing 3 shows the same 
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object or a real target the same object. 

[0130] With the **** 6 operation gestalt, the adaptive array antenna of an MMSE method is 
applied to the QPSK communication mode instead of an OFDM communication mode. For this 
reason, antenna elements 11-1M receive a QPSK signal (pilot signal). 

[0131] Therefore, antenna elements 11-1M are replaced with the receiving OFDM signal X (i), 
and output the receiving QPSK signal X (i), respectively. Moreover, the generating circuit 60 
outputs the pilot signal rO of a QPSK signal (i) as a request known signal, and a delay circuit 90 
outputs delay pilot signal R (i) for which only the request period was delayed to the pilot signal rO 
of a QPSK signal (i) as other known signals. MMSE computing-element 40A updates the antenna 
weight WH and the signal weight AH similarly substantially with the above-mentioned 2nd 
operation gestalt. Moreover, the component excluding [ an adder (sigma) 30 ] the both sides of a 
request pilot signal (request known signal) and its delay pilot signal (other known signals) among 
the receiving QPSK signals X (i) outputs a repressed signal as an inner product signal WHX. 
Moreover, the equalizing circuit 120 consists of delay machines (Z-1) 121-124, multipliers 125- 
1 28, and adders 1 29 and 1 30, as shown in drawing 14 . Next, actuation of the equalizing circuit 
120 of a **** 6 operation gestalt is explained with reference to drawing 14 and drawing 1 5 . 
[0132] Hereafter, as shown in drawing 1 5 (a), the example as which total with request pilot signal 
QP1 and the delay pilot signals QP2-QP5 was adopted is explained as an inner product signal 
WHX of an adder (sigma) 30. 

[0133] Since four delay pilot signals of the delay pilot signals QP2-QP5 are adopted here, the 
signal weight (henceforth signal weight A (G)) of MMSE computing-element 40A in a **** 6 
operation gestalt can be expressed with a formula 27. G is sampling timing (updating timing) 
(G=t1, t2, t3 — ). Moreover, drawing 1 5 (b) shows the output of the delay machines 121-124 in 
timing t1-t5. 
[0134] 

[Equation 27] A(G) - — a1 [ ] (G) — a2 [ ] (G) — a3 (G) — a4 (G) — ] — T — the QPSK 
symbol ZA shown in drawing 1 5 (a) is first inputted into the delay machine 121 through an adder 
130 to timing t1. That is, an equalizing circuit 120 can output the QPSK symbol ZA to timing t1. 
[0135] Next, to timing t2, as shown in drawing 1 5 (b), the delay machine 121 outputs the QPSK 
symbol ZA to the delay machine 122 while outputting the QPSK symbol ZA to a multiplier 127. 
Then, a multiplier 128 carries out the multiplication of signal weight a1(t2) * to the QPSK symbol 
ZA, and outputs a multiplication signal (a1(t2) *ZA) to an adder 129. 

[0136] Here, as the above-mentioned 1st operation gestalt described, signal weight a1(t2) * 
(signal weight AH) is called for so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZA1 {delay signal R (i)} on the basis 
of the QPSK symbol ZA {the preamble signal rO (i)}. For this reason, a multiplication signal (a1(t2) 
*ZA) becomes equal to the QPSK symbol ZA1 (ZA1=a1(t2) *ZA). 

[0137] Thereby, a multiplier 128 can output the multiplication signal ZA1 to an adder 130 through 
an adder 129. Moreover, the QPSK symbols ZB and ZA1 are inputted into an adder 130 as an 
inner product signal WHX of an adder (sigma) 30. An adder 130 outputs a differential signal (= 
ZB) to the delay machine 121 in quest of the difference of the QPSK symbols ZB and ZA1 and 
the multiplication signal ZA1. That is, an equalizing circuit 120 can output the QPSK symbol ZB 
to timing t2. 

[0138] Next, to timing t3, the delay machine 122 outputs the QPSK symbol ZA to the delay 
machine 1 23 while outputting the QPSK symbol ZA to a multiplier 1 27, as shown in drawing 1 5 
(b). Then, a multiplier 127 carries out the multiplication of signal weight a2(t3) * to the QPSK 
symbol ZA, and outputs a multiplication signal (a2(t3) *ZA) to an adder 1 29. 
[0139] Here, as the above-mentioned 1st operation gestalt described, signal weight a2(t3) *ZA 
(signal weight AH) is calculated so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZA2 {delay signal R (i)} on the basis 
of the QPSK symbol ZA {the preamble signal rO (i)}. For this reason, a multiplication signal (a2(t3) 
*ZA) becomes equal to the QPSK symbol ZA2 (ZA2=a2(t3) *ZA). Therefore, a multiplier 127 
outputs the QPSK symbol ZA2 to an adder 129. 

[0140] Moreover, the delay machine 121 outputs the QPSK symbol ZB to the delay machine 122 
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while outputting the QPSK symbol ZB to a multiplier 128, as shown in drawing 15 (b). A multiplier 
128 carries out the multiplication of signal weight a1(t3) * to the QPSK symbol ZB, and outputs 
a multiplication signal (a1(t3) *ZB) to an adder 129. 

[0141] Here, as the above-mentioned 1st operation gestalt described, signal weight a1(t3) * 
(signal weight AH) is called for so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZB1 {delay signal R (i)} on the basis 
of the QPSK symbol ZB {the preamble signal rO (i)}. 

[0142] Therefore, a multiplication signal (a1(t3) *ZB) becomes equal to the QPSK symbol ZB1 
(ZB1=a1(t3) *ZB). Therefore, a multiplier 127 can output the multiplication signal ZB1 to an 
adder 1 29. 

[0143] Here, an adder 129 adds the multiplication signal ZB1 of a multiplier 127, and the QPSK 
symbol ZA2 of an adder 129, and outputs an addition signal (ZB1+ZA2) to an adder 130. The 
QPSK symbols ZC, ZB1, and ZA2 are inputted into an adder 130 as an inner product signal WHX 
of an adder (sigma) 30, and an adder 130 asks for the difference of the QPSK symbols ZC, ZB1, 
and ZA2 and an addition signal (ZB1+ZA2), and outputs a differential signal ZC to the delay 
machine 121. 

[0144] That is, an equalizing circuit 120 can output the QPSK symbol ZC to timing t3. Hereafter, 
an equalizing circuit 120 operates similarly substantially with above-mentioned actuation, by 
timing t4, outputs the QPSK symbol ZD and outputs the QPSK symbol ZE to timing t5. 
[0145] By the above, an equalizing circuit 120 can output only QPSK symbol ZA-ZD like ****. If 
it puts in another way, as an inner product signal WHX of an adder (sigma) 30, total with request 
pilot signal QP1 and the delay pilot signals QP2-QP5 will be inputted into an equalizing circuit 
120, it will oppress the delay pilot signals QP2-QP5, and will output only request pilot signal QP1. 

[0146] In addition, although the above-mentioned 6th operation gestalt explained the example 
which applied the adaptive array antenna of an MMSE method to the QPSK communication 
mode, you may apply not only to this but to an OFDM communication mode. 
[0147] Furthermore, it is in charge of operation of this invention, and various communication 
modes may be adopted in addition to an OFDM communication mode, a CDMA communication 
mode, the communication mode using a QPSK modulation, etc. 

[0148] In addition, although the 1st - the 6th operation gestalt explained the example which 
adopted the SMI algorithm of an MMSE method with the MMSE computing elements 40A and 
40B, other algorithms may be adopted as long as it is an MMSE method. 

[0149] When an interference wave comes from the same direction as a request signal in the (7th 
operation gestalt) and time in the adaptive array antenna of the MMSE method stated with the 
above-mentioned 1 st operation gestalt, there is a problem that the interference wave cannot be 
oppressed, namely, in the adaptive array antenna of the MMSE method stated with the above- 
mentioned 1 st operation gestalt Although the component except the preamble signal rO (i) and 
delay signal R (i) becomes a repressed signal among the receiving OFDM signals X (i), the inner 
product signal WHX of an adder 30 When a delay-GI outside signal (interference wave) comes 
from the same direction as the preamble signal rO (i), the GI delay signal can be controlled. 
[0150] It is well-known to oppress without distinguishing the request signal and interference 
wave which are contained in it in an incoming wave component in the adaptive array antenna of 
the conventional PI method. Then, in a **** 7 operation gestalt, it explains per [ oppresses the 
interference wave which accomplished paying attention to the adaptive array antenna of the 
conventional PI method, and prevents oppression of the both sides of a request wave and the 
delay signal in GI, and comes from the same direction as a request signal and it is made to raise 
the communication link engine performance ] example. The configuration in this case is shown in 
drawing 16 . 

[0151] The adaptive array antenna of PI method is antenna elements 11-14 and a multiplier 21. - 
- It consists of 2M, an adder (sigma) 30, the PI computing element 41, adder 51 A, multiplier 53A, 
and delay circuit 80A. In drawing 16 , the same sign as the sign in drawing 1 shows the same 
object or a substantial same object. 

[0152] Delay circuit 80A outputs this preamble signal rO (i) and delay signal R (i) in response to 
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the preamble signal rO (i) stated with the above-mentioned 1st operation gestait. Hereafter, the 
output signal of delay circuit 80A is called output signal R(i)'. 

[0153] However, like ****, the time delay of delay signal R (i) to a preamble signal is short 
compared with the period TG of the guard interval GI of an OFDM symbol, and sets the number 
(sample point size) of delay signal R (i) to 1 6. 

[0154] Multiplier 53A carries out the multiplication of the signal weight AH to output signal R(i)\ 
and searches for a multiplication signal {AHR(i)'}. Adder 51 A adds a multiplication signal (AHR(i)'} 
and the inner product signal WHX of an adder 30 (i), and asks for an addition reference sign 
(WHX(i)+AHR(i)'X 

[0155] Addition reference-sign (WHX(i)+AHR(i)') and output signal R(i)' and the receiving OFDM 
signal X (i) are inputted into the PI computing element 41, and the PI computing element 41 
updates the antenna weight W and the signal weight A so that power |WHX(i)+AHR(i)'|2 of an 
addition reference sign may be made into min. At this time, the signal weight A turns into weight 
which negates output signal R(i) T among the signal components contained in the inner product 
signal WHX (i), and the antenna weight W turns into weight which makes min power of the 
interference wave component contained in the receiving OFDM signal X (i). 
[0156] If it puts in another way, the PI computing element 41 will update the antenna weight W 
and the signal weight A so that power of the component except output signal R(i)' may be made 
into min among the power (WHX(i)+AHR(i)') of an addition reference sign. 

[0157] In drawing 17 , the result of a simulation when a request signal and a delay-GI outside 
signal come from the same is shown. In drawing 1 7 , when the 1st - the 5th wave come, the 
directivity after actuation of the adaptive array antenna of the adaptive array antenna of PI 
method and an MMSE method is shown. The receiving include angle [deg] of the received [ a 
right longitudinal shaft ] electric wave on the basis of the adaptive array antenna of an MMSE 
method and a left-vertical shaft are the receiving include angles [deg] of the received electric 
wave on the basis of the adaptive array antenna of PI method. An axis of abscissa is an 
oppression ratio (dB). 

[01 58] In drawing 17 , since antenna gain differs, it expresses with the adaptive array antenna of 
an MMSE method, and the adaptive array antenna of PI method that the gain of the direction of 
delay ****** in GI becomes the same. 

[0159] Here, the chain line shows the result of the simulation which used the adaptive array 
antenna of an MMSE method. A continuous line shows the result of the simulation which used 
the adaptive array antenna of PI method. Although the delay-GI outside signal of the same 
direction as a request signal is not oppressed in the adaptive array antenna of an MMSE method 
so that drawing 1 7 may show, the delay-GI outside signal of the same direction as a request 
signal is oppressed in the adaptive array antenna of PI method. 

[0160] (The 8th operation gestait) With the **** 8 operation gestait, as shown in drawing 1 8 , 
low pass filters 420-425 are added to the configuration which the above-mentioned 7th 
operation gestait shows. In drawing 18 , low pass filters 420-424 search for the OFDM signal 
signal of a narrow-band based on the receiving OFDM signal X (i). 

[0161] Low pass filters 420-424 output a narrow-band OFDM signal signal by taking out only the 
component (referring to drawing 19 ) of the predetermined frequency band among the receiving 
OFDM signals X (i). That is, the OFDM signal signal of a narrow-band turns into a signal which 
narrowed the frequency band of the receiving OFDM signal X (i). 

[0162] A low pass filter 425 searches for a narrow-band preamble signal based on the preamble 
signal rO (i). that is, the low pass filter 425 — the preamble signal rO (i) — a narrow-band 
preamble signal is outputted by taking out only the component of the predetermined frequency 
band inside. 

[0163] In connection with this, delay circuit 80A searches for the delay signal of U ( drawing 1 9 
8) individual which has a different time delay to a narrow-band preamble signal, and outputs the 
both sides of this delay signal and a narrow-band preamble signal as output signal R(i)\ However, 
the time delay of the delay signal over a preamble signal is short like **** compared with the 
period TG of the guard interval GI of an OFDM symbol. 

[0164] Here, among output signal R(i)\ the number of adoption of a delay signal (sample point) 
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can be reduced, if it is decided by the frequency band of the receiving OFDM signal X (i) and the 
frequency band is narrowed. 

[0165] then — **** — eight — operation — a gestalt — PI — a computing element — 41 — 
an antenna — weight — W — and — a signal — weight — A — updating — hitting — OFDM — 
a signal — a signal — replacing with — a narrow-band — OFDM — a signal — a signal — 
adopting — a preamble — a signal — having been based — an output signal — R — ( — i — ) — 
' — replacing with — a narrow-band — a preamble — a signal — having been based — an 
output signal — R — ( — i — ) — ' — adopting . For this reason, not to mention reducing the 
number of adoption of R (i), it becomes possible about the antenna weight W and the signal 
weight A to reduce the count of updating, and the computational complexity of renewal of weight 
can be reduced. 

[0166] (The 9th operation gestalt) Although the above-mentioned 3rd operation gestalt explained 
the adaptive array antenna of the MMSE method which adopted the pudding AMBURU signal of 
an OFDM signal as a signal on a time-axis, a **** 9 operation gestalt explains per adaptive array 
antenna of PI method which adopted each discrimination signal which carried out FFT processing 
(frequency judgment) of the pudding bull signal of not only this but an OFDM signal. The 
configuration in this case is shown in drawing 20 . 

[0167] The adaptive array antenna of PI method consists of antenna elements 11-14, a multiplier 
201 — 204, an adder (sigma) 300, the FFT circuits 801-804, the FFT circuit 834, the PI computing 
element 42, adder 51 OA, multiplier 530A, and delay circuit 80A. In drawing 20 , the same sign as 
the sign in drawing 5 shows the same object. 

[0168] As the above-mentioned 8th operation gestalt described, delay circuit 80A combines the 
preamble signal rO (i) and delay signal R (i), and outputs them as output signal R(i)\ The FFT 
circuit 834 samples each effective symbol of the preamble signal rO (i) and delay signal R (i) with 
a sampling period tS in juxtaposition, carries out FFT processing by the sampling signal, and 
outputs the discrimination signal RFT (i). 

[0169] Multiplier 530A carries out the multiplication of the signal weight AH to the discrimination 
signal RFT (i), and searches for a multiplication signal {AHRFT (i)}. Adder 51 OA adds 
multiplication signal {AHRFT (i)} and inner product signal [ of an adder 300 ] WHX (i)\ and asks 
for an addition reference sign (WHX(i)'+AH RFT (0). 

[0170] Discrimination signal X (i)\ and an addition reference sign (WHX (i) '+AHRFT (i)') and the 
discrimination signal RFT (i) are inputted into the PI computing element 42, and the PI computing 
element 42 updates the antenna weight W and the signal weight A so that power |WHX 
(i)'+AHRFT(i)l2 of an addition reference sign may be made into min. At this time, the signal 
weight A turns into weight which negates the discrimination signal RFT (i) among the signal 
components contained in inner product signal WHX (i)\ and the antenna weight W turns into 
weight which makes min power of the interference wave component contained in discrimination 
signal X (i)\ 

[0171] If it puts in another way, the PI computing element 42 will update the antenna weight W 
and the signal weight A so that power of the component except the discrimination signal RFT (i) 
may be made into min among addition reference signs (WHX (i) '+AHRFT (i)')- 
(The 10th operation gestalt) The adaptive array antenna of the SMI method in a **** 10 
operation gestalt consists of antenna elements 1 1 and 1 2, a generator 60, the FFT circuits 83, 
801, and 802, multipliers 201 and 202, an adder (sigma) 300, the phase revolution machine 1000, 
correlator 1010, a selection circuitry 1020, and a computing element 1030, as shown in drawing 
21 - 

[0172] A computing element 1030 has the matrix-of-correlation presumption machine 1031, the 
inverse-matrix computing element 1032, the correlation vector presumption machine 1033, and 
the matrix multiplication machine 1034. In addition, in drawing 21 , the same sign in drawing 1 and 
drawing 2 shows the same object. 

[01 73] First, FFT processing of the pudding AMBURU signal of the receiving OFDM signal x1 (i) 
received by the antenna element 1 1 is carried out in the FFT circuit 801, and the discrimination 
signal ft1 (1), ft1 (2), ft1 (3), and ft1 (4) are calculated for every frequency. Moreover, FFT 
processing of the receiving OFDM signal x2 (i) received by the antenna element 12 is carried out 
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in the FFT circuit 802, and the discrimination signal ft2 (1), ft2 (2), ft2 (3), and ft2 (4) are 
calculated for every frequency. In addition, the figure 1 — 4 in the parenthesis of a discrimination 
signal shows the point size of FFT. 

[0174] Here, the vector notation of receiving OFDM signal x1(i) x2(i) discrimination signal ft1(l) - 

ft1 (3) and the discrimination signal ft2(1) -ft2 (3) is carried out as follows. 

[0175] 

[Equation 28] X(i) = [x1(i) x2 (i)] T [0176] 

[Equation 29] FT1 (i) = [ftUO ft1(2) ft1 (3)] T [0177] 

[Equation 30] The FT2(i) =[ft2(1) ft2(2) ft2 (3)] T multiplier 201 asks for the matrix product 
(w1*FT1 (0) of antenna weight w1* and FT1 (i), and a multiplier 202 asks for the matrix product 
(w2*FT2 (i)) of antenna weight w2* and FT2 (i). 

[0178] Next, an adder (sigma) 300 adds the matrix product (w1*FT1 (0) by multipliers 201 and 
202, and (w2*FT2 (0) for every frequency, namely, — a matrix — a product (w1*FT1 (i)) — ( — 
w — two — * — FT — two — ( — i — ) — ) — an antenna — weight — w — one — * — w — 
two — * — a formula — 31 — 32 — like — a vector — a notation — carrying out — if — an 
adder (sigma) — 300 — an antenna — weight — W — discrimination — a signal — X — ( — i — 
) — ' — an inner product — being shown — an inner product — a signal — WHX — ( — i — ) — 
' — asking — having . Moreover, as shown in a formula 33, the vector notation of inner product 
signal WHX (i)' is carried out. 
[0179] 

[Equation 31] 

X(j)'= [FT1(i) FT2 G)]T[0180] 
[Equation 32] W= [w1 w2] T [0181] 

[Equation 33] WHX(i)'= [w1*ft1(1)+w2*ft2(D w1*ft1(2)+w2*ft2(2) w1*ft1(3)+w2*ft2 (3)] T, next a 
generator 60 as a request known signal Generating the preamble signal rO of an OFDM signal (i), 
this preamble signal rO (i) is a signal with which two or more pilot symbols (known signal) were 
arranged on the frequency shaft. Moreover, the FFT circuit 83 carries out FFT processing of the 
preamble signal rO of an OFDM signal (i), and calculates the request discrimination signal rf1 (1), 
rf1 (2), and rf 1 (3) for every frequency. 

[0182] Next, only four sorts of amounts of phases (Odegreetheta**, 2theta** 3theta**) carry out 
revolution processing of the request discrimination signal rf1 (1), and the phase revolution 
machine 1000 outputs these request discrimination signals rf1 (1 theta), rf1 (1 2theta), and rf1 (1 
3theta) by which revolution processing was carried out, and the request discrimination signal rf1 
(1). 

[01 83] Furthermore, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 
3theta**) carry out revolution processing of the request discrimination signal rf 1 (2), and the 
phase revolution machine 1000 outputs these request discrimination signals rf1 (2 theta), rf1 (2 
2theta), and rf1 (2 3theta) by which revolution processing was carried out, and the request 
discrimination signal rf1 (2). 

[01 84] Moreover, only four sorts of amounts of phases (Odegreetheta**, 2theta** 3theta**) 
carry out revolution processing of the request discrimination signal rf1 (3), and the phase 
revolution machine 1 000 outputs these request discrimination signals rf 1 (3 theta), rf 1 (3 2theta), 
and rf1 (3 3theta) by which revolution processing was carried out, and the request discrimination 
signal rfl (3). 

[0185] Here, request discrimination signal rfKD -rf1 (1 3theta), rf1(2) -rfl (2 3theta), and rf1(3) 

-rf1 (3 3theta) are calculated as shown in a formula 34. 

[0186] 

[Equation 34] 

^ r rfi(1) 0 0 



BS= 



C11 


C12 


Cl3 


C21 


C_2_> 


C23 


C31 


C32 


C33 


C41 


C42 


C43 



O rfi(2) O 
O 0 rfi(3) 
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[0187] However, the amount of phases which shows Ctf in a formula 35, the number t indicates 
the amount of phases to be, and f are numbers which show a frequency. Moreover, they are 
C11=C12=C13, C21=C22=C23, and C31=C32=C33 with a formula 35. 
[0188] 

[Equation 35] Ctf^exp {-2pu-Q-1) - (t-1)/3} 

Here, the output signal of the phase revolution machine 1000 is equivalent to what combined the 
output signal of the FFT circuit 84 and the output signal of the FFT circuit 83 which are shown 
in drawing 5 . That is, the FFT circuit 84 generates a time delay shorter than the guard interval 
period TG to the preamble signal rO (i) with the phase revolution machine 1000, and plays a role 
equivalent to carrying out FFT processing of this generated time delay. 

[0189] Next, correlator 1010 calculates the correlation value K of the request processing signal 
BS and discrimination signal X (i)\ In addition, the correlation value K is calculated by the matrix 
product (BSxX (i) 0 of the request processing signal BS and discrimination signal X (i)\ 
[0190] Based on the correlation value K, as for a selection circuitry 1020, the request processing 
signal BSmax with the largest correlation with discrimination signal X (i)' among the request 
processing signals BS is searched for for every frequency. 

[0191] For example, the vector notation of the correlation value K is carried out like a formula 
36. The number t indicates the amount of phases to be in the correlation value ktf, and f are 
numbers which show a frequency among a formula 36. 
[0192] 

[Equation 36] 



Kn K12 

K21 K22 

K31 K32 

K41 K42 



[0193] First, a selection circuitry 1020 adds the square value (**ktf** 2) of an absolute value for 
every amount of phases respectively, and searches for the matrix KG which shows in a formula 
37 while it calculates each absolute value of the correlation value ktf and calculates the square 
value (**ktf** 2) of each absolute value. 
[0194] 

[Equation 37] 

12 + |Ki 2 | Z 



K11 



|K2i| +\Ksz\ 

|K3i| 2 + IM 2 

|k«| 2 + |M 2 



[0195] Next, a selection circuitry 1020 searches for the request discrimination signal (henceforth 

the request discrimination signal MX) corresponding to the amount of phases of maximum for 

every frequency among Matrices BS while calculating maximum among Matrices KG. 

[0196] Here, it is the request discrimination signal rf1 (1). — rfl (2) — The vector notation of 

the matrix BS which shows rfl (3 3theta) is carried out like a formula 38. 

[0197] 

[Equation 38] 

~rfi(1) rfi(2) rfi(3) 

rfi<1 0) rf!<2 0) rfi(3 0) 
rfi(1 20) rfi(2 20) rfi(3 20) 
rfi(1 39) rfi<2 39) rfi(3 30) 



BS= 



[0198] as the maximum of for example, the matrix KG — [— the time of ** k21 ** 2+ ** k22 ** 
2] being chosen — the inside of a formula 38 — as the request discrimination signal MX for 
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every frequency (i) — [ — rfl (12theta) rf1 (2 2theta) and rf1(3 2theta)] are chosen. 
Furthermore, as request discrimination signals other than the request discrimination signal MX 
for every frequency (i) are shown in a formula 39 among formulas 38, it considers as the request 
processing signal BA. However, the request processing signal BA of a formula 39 shows an 
example as which [rf1 (1 2theta) rf1 (2 2theta) and rf1(3 2theta)] were chosen as a request 
discrimination signal MX (i). 
[0199] 

[Equation 39] 

rfi(1) rfi (2) rfi (3) 

BA— rfi(1 0) rfi(2 9) rfi(3 0) 
_rfi(l 30) rfi(2 30) rfi(3 36) 

[0200] In addition, hereafter, in order to give explanation simply, as shown in a formula 40, the 
vector notation of the request processing signal BA (i) is carried out, and as shown in a formula 
41, the vector notation of the request discrimination signal MX (i) is carried out. The number t 
indicates the amount of phases to be in the correlation value batf, and f are numbers which show 
a frequency among a formula 40. In mxt, t is a number which shows the amount of phases among 
a formula 41. 
[0201] 

[Equation 40] 



BA ( i )= 



ban(i) ba 21 (i) ba 31 (i) 
ba 12 (i) ba^Ci) ba^O) 
bat 3 (i) ba 23 ( i ) ba^ ( i ) 



[0202] 

[Equation 41] 

MX ( i )= [mxi mx 2 mx 3 ] 

[0203] In addition, hereafter, as shown in a formula 42, the vector notation of discrimination 
signal X (i)' is carried out. However, M of ftMf in a formula 42 shows the number of an antenna 
element with the natural number, and f shows a frequency. 
[0204] 

[Equation 42] 



X( i) 



[ftn(i) ft 12 (i) ft 13 (i)l 
ft 21 (i) ftsfcCt) ftaaCDJ 



[0205] Next, the matrix-of^correlation presumption machine 1031 combines discrimination signal 
X (i)' and the request processing signal BA, and it asks for the instant input matrices RXMXM1, 
RXMXM2, and RXMXM3 in each time of day in Matrix XM with a formula 44, a formula 45, and a 
formula 46 while it generates the matrix XM shown in a formula 43. Based on a formula 47, the 
instant input matrices RXMXM1, RXMXM2, and RXMXM3 are equalized, and the estimate 
RXMXM of a matrix of correlation is calculated. 
[0206] 

[Equation 43] 
X' 



XM( i ) = 



(i) 
BA(i) 



ftn(i) 

ftzi(i) 
ba„ (i) 
bai 2 ( i ) 
ba 13 (i) 



ft 12 (l) 
ft__(i) 
ba zl ( i ) 
ba__ ( i ) 



fti 3 ( 

ba 31 ( 
ba 32 ( 
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[0207] 

[Equation 44] RXMXM1=XM(1) and XM (1) H [0208] 
[Equation 45] RXMXM2=XM(2) and XM (2) H [0209] 
[Equation 46] RXMXM3=XM(3) and XM (3) H [0210] 
[Equation 47] 

RXMXM= (RXMXM 1 +RXMXM2+RXMXM3)/ 3, next the inverse-matrix computing element 1032 
calculate inverse-matrix RXMXM-1 of the estimate RXMXM of a matrix of correlation. Moreover, 
the correlation vector presumption machine 1033 searches for discrimination signal X (i)' and the 
instant correlation vectors [ in / as shown in a formula 48, a formula 49, and a formula 50 using 
the request discrimination signal MX and the request discrimination signal BA / each time of 
day ] rxmbl, rxmb2, and rxmb3. 

[0211] Next, based on a formula 51, the correlation vector presumption machine 1033 equalizes 
the instant correlation vectors rxmbl, rxmb2, and rxmb3 on a frequency, and calculates the 
correlation vector estimate rxmb. 
[0212] 

[Equation 48] rxmbl =XM(1) and MX (1) H [0213] 
[Equation 49] rxmb2=XM(2) and MX (2) H [0214] 
[Equation 50] rxmb3=XM(3) and MX (3) H [0215] 

[Equation 51] It outputs "w1* w2*" to multipliers 201 and 202 among the multiplication results Z 
at it, respectively while matrix multiplication of the matrix multiplication machine 1034 is carried 
out to the rxmb= (rxmbl +rxmb2+rxmb3) / 3 last and it asks it for the multiplication result Z with 
the estimate RXMXM of a matrix of correlation, and the correlation vector estimate rxmb, as 
shown in a formula 52. In addition, the inside of a formula 51, -a1 - a2 - a3 -a4 are the signal 
weight stated to the above-mentioned 3rd operation gestalt. 
[0216] 

[Formula 52] 

It can Z=[w1* w2*-a1 -a2 ~a3 -a4] T Come, and are alike. More multipliers 201 and 202 It asks 
for a matrix product (w1*FT1 (0) and a matrix product (w2*FT2 (i)), respectively, and by the 
adder (sigma) 300, a matrix product (w1*FT1 (i)) and (w2*FT2 (0) are added for every frequency, 
and inner product signal WHX (i) f is called for. 

[0217] The antenna weight w1 and w2 are updated so that the component except the request 
processing signal BA and the request discrimination signal MX may be oppressed among inner 
product signal WHX (i)' here. This prevents oppression with the request processing signal BA and 
the request discrimination signal MX without the need for oppression, and as substantially as the 
above-mentioned 1st and 2nd operation gestalt, since the signal component which originally has 
the need for oppression similarly can be oppressed, the Nur point can be formed in an effective 
target. Therefore, useless consumption of the degree of freedom of the adaptive array antenna 
of an SMI method can be held down. 

[0218] For example, as shown in [ alpha ] drawing 22 , directivity can be formed by antenna 
elements 11 and 12. 

[0219] That is, delay-GI outside signals other than the request processing signals BA and MX 
are oppressed among inner product signal WHX (i)\ without oppressing the request discrimination 
signal MX. However, if a delay-GI outside signal and the request processing signal BA are 
received from the same, both a delay-GI outside signal and the request processing signal BA will 
be oppressed. Thus, among inner product signal WHX (i)\ although the request discrimination 
signal MX is not oppressed and is left behind, the request processing signal BA may be 
oppressed depending on a receive direction. 

[0220] Furthermore, the component of the request discrimination signal MX is left behind at least 
among inner product signal WHX (i)' by the antenna weight w1 and renewal of w2, and it is 
obtained. Here, since correlation with discrimination signal X (i)' is the largest signal among the 
request processing signals BS like ****, a signal with big receiving level can acquire the request 
discrimination signal MX as a component of the request discrimination signal MX among 
discrimination signal X (i)' by leaving behind the component of the request discrimination signal 
MX. Therefore, it can restore to the component of the request discrimination signal MX good. 
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[0221] In the above-mentioned 11th operation gestait, the FFT circuits 801 and 802 are adopted 
and adaptive AREANTENA of an SMI method is constituted. In addition, the FFT circuits 801 and 
802 Although explained per [ which carries out FFT processing of the receiving OFDM signal x1 
(i), and asks for the antenna weight w1 and w2 based on the signal on this frequency shaft by 
which FFT processing was carried out, respectively ] example, you may make it be not only this 
but the following. 

[0222] That is, without adopting the FFT circuits 801 and 802, adaptive AREANTENA of an SMI 
method is constituted, the receiving OFDM signal x1 (i) is replaced with the signal on the 
frequency shaft which carried out FFT processing, the receiving OFDM signal x1 on a time-axis 
(i) is adopted, and you may make it ask for the receiving OFDM signal x1(i) antenna weight w1 
and w2 on a time-axis. 

(The 1 1th operation gestait) With the **** 1 1 operation gestait, as shown in drawing 22 , low 
pass filters (LPF) 1040 and 1041 are added to the configuration which the above-mentioned 10th 
operation gestait shows. 

[0223] In drawing 22 , a low pass filter 1040 searches for the discrimination signal LF 1 of a 
narrow-band {=ft1 (1), ft1 (2)} based on discrimination signal ftKD -ft1 from the FFT circuit 801 
(3). With this, a low pass filter 1040 searches for the discrimination signal LF 2 of a narrow-band 
{=ft2 (1), ft2 (2)} based on discrimination signal ft2(1) -ft2 from the FFT circuit 802 (3). 
[0224] By this, a low pass filter 1040 will output the discrimination signal LF of the narrow-band 
shown in a formula 53. That is, a low pass filter 1040 outputs the discrimination signals LF1 and 
LF2 of a narrow-band by taking out only the component of a predetermined frequency band 
among discrimination signal ft1(1) -ft1(3) ft2(1) -ft(s)2 (3). 
[0225] 



[Equation 53] 

i p-r LFi i=[~ fti(i) ft i (2 >i 

L LF2 J L ft2(1) ftz(2) J 



[0226] Moreover, it connects between the FFT circuit 83 and the phase revolution machine 
1000, and a low pass filter 1041 searches for the discrimination signal rLF of a narrow-band {^rfl 
(1), rf1 (2)} based on the request discrimination signal rf1 from the FFT circuit 83 (1), rf1 (2), and 
rf1 (3). That is, a low pass filter 1041 outputs the discrimination signal rf1 of a narrow-band (1), 
and rf1 (2) by taking out only the component of a predetermined frequency band among the 
request discrimination signal rfi (1), rfi (2), and rfi (3). 

[0227] Next, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 3theta**) carry 
out revolution processing of the request discrimination signal rf1 (1), and the phase revolution 
machine 1000 outputs these request discrimination signals rfi (1 theta), rft (1 2theta), and rfi (1 
3theta) by which revolution processing was carried out, and the request discrimination signal rfi 
(1). 

[0228] Furthermore, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 
3theta**) carry out revolution processing of the request discrimination signal rfi (2), and the 
phase revolution machine 1000 outputs these request discrimination signals rfi (2 theta), rf1 (2 
2theta), and rf1 (2 3theta) by which revolution processing was carried out, and the request 
discrimination signal rfi (2). 

[0229] In addition, hereafter, request discrimination signal rf1(1) -rfi (1 3theta) and rfi (2) -rf1 (2 

3theta) are made into the request processing signal LBS, as shown in a formula 54. 

[0230] 

[Equation 54] 

rM2) 
rM2 0) 
rM2 20) 
rf n (2 30) 



LBS = 



rfi(l) 
rfnCl 6) 
rf^l 20) 
rf!(1 30) 
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[0231] next — **** — 11 — operation — a gestalt — correlator — 1010 — the above — the - 

- ten — operation — a gestalt — having stated — a request — processing — a signal BS 
replacing — a request — processing — a signal — LBS — discrimination a signal X (- 

- j — ) — ' — replacing — a narrow-band — discrimination — a signal — rLF — correlation 
a value — K — ' — asking . moreover — a selection circuitry — 1020 — the above the 
ten — operation — a gestalt — substantial — the same — correlation — a value — K ' 
being based — a request — processing — a signal — LBS — inside — a narrow-band 
discrimination — a signal — rLF — correlation — most — being large — a frequency — every - 

- a request — discrimination — a signal — MX — ' — asking . Furthermore, it asks for request 
processing signal BA' other than request processing signal MX' among the request processing 
signals LBS. 

[0232] Next, in a computing element 1030, while it replaces with discrimination signal X and 
the discrimination signal rLF of a narrow-band is inputted, replacing with the request processing 
signal MX and inputting request processing signal MX', it replaces with the request processing 
signal BA, and request processing signal BA' is inputted. 

[0233] Then, the matrix-of-correlation presumption machine 1031 calculates inverse-matrix 
RXMXM-1 of the estimate RXMXM of a matrix of correlation while calculating [ gestalt / above- 
mentioned / 10th operation ] the estimate RXMXM of a matrix of correlation substantially 
similarly based on the discrimination signal rLF of a narrow-band, and request processing signal 
MX' with the correlation vector presumption machine 1033 and the inverse-matrix computing 
element 1032. 

[0234] Moreover, the correlation vector estimate rxmb is calculated using the discrimination 
signal rLF of a narrow-band, request discrimination signal MX', and request discrimination signal 
BA' as substantially [ the correlation vector presumption machine 1033 ] as the above- 
mentioned 10th operation gestalt similarly. Furthermore, with the matrix multiplication vessel 
1034, matrix multiplication of the estimate RXMXM of a matrix of correlation and the correlation 
vector estimate rxmb is carried out, antenna weight w1 w2 are calculated, and it is outputted to 
multipliers 201 and 202, respectively. 

[0235] Since the component except the request processing signal BA and the request 
discrimination signal MX is oppressed among inner product signal WHX (i)' by the above, the 
same effectiveness is substantially acquired with the above-mentioned 10th operation gestalt. 
Furthermore, since the component of request discrimination signal MX' is left behind at least 
among inner product signal WHX (i)' and it is obtained, it can restore to the component of the 
request discrimination signal MX good substantially similarly with the above-mentioned 10th 
operation gestalt. 

[0236] Moreover, while replacing with the request processing signal BS and adopting the request 
processing signal LBS in the operation of the correlation value of correlator 1010, it replaces 
with discrimination signal X (i)\ and the discrimination signal rLF of a narrow-band is adopted. 
Here, like ****, the request processing signal LBS has a narrow frequency domain compared 
with the request processing signal BS, and the discrimination signal rLF of a narrow-band has a 
frequency domain narrow [ the signal ] like **** compared with discrimination signal X (i)\ For 
this reason, the amount of operations of the correlation value of correlator 1010 can be reduced 
compared with the above-mentioned 10th operation gestalt. 

[0237] Furthermore, since correlation value K' of correlator 1010, the request processing signal 
LBS, and the discrimination signal rLF of a narrow-band are adopted when a selection circuitry 
1020 asks for request processing signal MX'BA', the amount of operations of a selection circuitry 
1020 can be reduced compared with the above-mentioned 10th operation gestalt. 
[0238] Moreover, when a computing element 1030 calculates antenna weight w1 w2, while 
replacing with discrimination signal X (i)' and adopting the discrimination signal rLF of a narrow- 
band, it replaces with the request processing signal MX, and request processing signal MX' is 
adopted. For this reason, the amount of operations of a computing element 1030 can be reduced 
compared with the above-mentioned 10th operation gestalt. 

(The 12th operation gestalt) With a **** 12 operation gestalt, the low pass filters (LPF) 1040 
and 1041 stated with the above-mentioned 11th operation gestalt are adopted, and it explains 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgLejje 



2007/09/14 



JP,2002-359513,A [DETAILED DESCRIPTION] 



26/27 — £/ 



per [ which constitutes the adaptive array antenna of PI method ] example. The configuration in 
this case is shown in drawing 23 . 

[0239] The adaptive array antenna of PI method in a **** 1 2 operation gestalt consists of 
antenna elements 11 and 12, a generator 60, the FFT circuits 83, 801, and 802, multipliers 201 
and 202, an adder (sigma) 300, a phase revolution machine 1000, low pass filters (LPF) 1040 and 
1041, and computing-element 1030A. Computing-element 1030A has matrix-of^correlation 
presumption machine 1031 A, inverse-matrix computing-element 1032A, and matrix multiplication 
machine 1034A. In addition, in drawing 23 , the same sign in drawing 1 , drawing 2 , and drawing 
22 shows the same object. 

[0240] First, like the above-mentioned 1 1th operation gestalt, while a low pass filter 1040 
searches for the discrimination signal LF 1 of a narrow-band {=ft1 (1), ft1 (2)} based on 
discrimination signal ft1(1) -ft1 from the FFT circuit 801 (3) Based on discrimination signal ft2(1) 
-ft2 from the FFT circuit 802 (3), the discrimination signal LF 2 of a narrow-band {=ft2 (1), ft2 
(2)} is searched for. 

[0241] Next, the phase revolution machine 1000 searches for the request processing signal LBS 
shown in a formula 53 like the above-mentioned 11th operation gestalt based on the 
discrimination signal rLF of the narrow-band from a low pass filter 1041 {=rf1 (1), rf1 (2)}. 
[0242] Next, it computing-element 1030A Sets and matrix-of-correlation presumption machine 
1031 A combines the discrimination signals LF1 and LF2 and the request processing signal LBS 
of a narrow-band, and while generating the matrix FB shown in a formula 55, the above- 
mentioned 10th operation gestalt and the substantial estimate [ in / similarly / Matrix FB ] 
RFBFB of a matrix of correlation are calculated. 
[0243] 

[Equation 55] 
LFi 



FB = 



LF* 
LBS 



fti(1) 
ft 2 (1) 
rMD 
rMl 9) 
rMl 26) 
rfi(1 30) 



ft t (2) 
ft 2 (2) 
rM2) 
rf 1 (2 9) 
rM2 29) 
rf!(2 30) 



[0244] Next, inverse-matrix computing-element 1032A calculates inverse-matrix RFBFB-1 of 
the estimate RFBFB of a matrix of correlation. Furthermore, matrix multiplication machine 1034A 
outputs antenna weight w1 w2 to multipliers 201 and 202 among multiplication result Z\ 
respectively while asking for multiplication result Z' using the formula showing in a formula 56. In 
addition, the inside of a formula 55, -a1 -a2-a3 - a4 is the signal weight AH stated to the above- 
mentioned 9th operation gestalt. 

[0245] Here, antenna weight w1 w2 are updated so that power of the component except the 
request processing signal LBS may be made into min among inner product signal [ of an adder 
circuit 300 ] WHX (i)'. 
[0246] 

[Equation 56] 

Z' = [1 0 0 0] r XRpbpb" 1 

= [wi* w 2 * - ai — a 2 - a 3 - a 4 ] T 



Furthermore, when computing-element 1030A calculates antenna weight w1 w2, while the 
discrimination signal rLF of a narrow-band is adopted, the request processing signal LBS is 
adopted. The frequency band of the discrimination signal rLF of a narrow-band is narrow here 
compared with the frequency band of discrimination signal X (i)' stated with the above- 
mentioned 10th operation gestalt, and the frequency band of the request processing signal LBS 
is narrow compared with the frequency band of the request processing signal BS stated with the 
above-mentioned 10th operation gestalt. Therefore, computing-element 1030A can reduce the 
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amount of operations compared with the time of using discrimination signal X (i)' and the request 
processing signal BS. 

[0247] In addition, if it is two or more pieces as the number of antenna elements in operation of 
this invention, it is good without limit. 

[0248] Furthermore, in carrying out frequency discrimination of the various signals, the example 
which adopted FFT processing was explained with each above-mentioned operation gestalt, but 
various kinds of frequency discrimination processings, such as not only this but DFT processing, 
may be adopted. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to an adaptive array antenna. 
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* NOTICES * 

JPO and INPIT are not responsibie for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In recent years, the various proposals of the adaptive array 
antenna of the MMSE method which receives the input signal of a rectangular cross multi-carrier 
method are made. First, the outline of the signal (the signal of a rectangular cross multi-carrier 
method is hereafter called OFDM signal) of a rectangular cross multi-carrier method is explained 
with reference to drawing 25 and drawing 26 . 

[0003] As shown in drawing 25 , the OFDM signal consists of a data signal and a preamble signal 
before this data signal. A preamble signal is a signal which arranged two or more pilot symbols 
(known signal) on the frequency shaft. A data signal consists of two or more OFDM symbols by 
which time multipled was carried out, and an OFDM symbol consists of a guard interval GI before 
an effective symbol and this effective symbol. 

[0004] the guard interval GI — an effective symbol — the predetermined period part on [ inner ] 
the backside is copied. Therefore, if the time delay of the delay signal over a desired OFDM 
signal is shorter than the period TG of the guard interval GI when the sum of a desired OFDM 
signal and a desired delay signal is received as an input signal as shown in drawing 26 , data (for 
example, QPSK symbol) can restore an input signal by FFT processing (frequency discrimination 
processing). 

[0005] Next, the adaptive array antenna of an MMSE (Minimum Mean Square Error) method is 
explained with reference to drawing 23 . Drawing 27 shows the outline configuration of the 
adaptive array antenna of an MMSE method. The adaptive array antenna of an MMSE method is 
an antenna element 11. — They are 1M and a multiplier 21. — It consists of 2M, the adder 
(sigma) 30, an MMSE computing element 40, an adder 50, and a generator 60. In addition, M is 
the natural number. 

[0006] Antenna element 11 — 1M receive an OFDM signal through an electric wave, and output 
the receiving OFDM signal X (i), respectively. Here, the receiving OFDM signal X (i) can be 
expressed with a formula 1. T shows transposition, i shows time of day. 
[0007] 
[Equation 1] 

X(j) ~l — x1(i) x2(i) — [ ] — xM (i) — ] — T — this sake — antenna element 11 — 1M — 
respectively — the receiving OFDM signal x1 (i), x2 (i), and — xM (i) is outputted. Moreover, the 
MMSE computing elements 50 are multipliers 21 and 22. — Multiplication is carried out to each 
of 2M at the antenna weight WH. 

[0008] Here, the antenna weight WH can be expressed with a formula 2. H is complex-conjugate 

transposition. 

[0009] 

[Equation 2] A multiplier 20 carries out the multiplication of the receiving OFDM signal x1 (i) to 
antenna weight w1*, and outputs a multiplication signal (w1*x1(i)), and a multiplier 21 carries out 
the multiplication of the receiving OFDM signal x2 (i) to antenna weight w2*, and outputs a 
multiplication signal (w2*x2 (i)) to a W=[w1 w2 — wM] T concrete target. Multiplier 2M carry out 
the multiplication of the receiving OFDM signal XM (i) to antenna weight wM*, and output a 
multiplication signal (wM*xM (0). 

[0010] An adder (sigma) 30 is a multiplication signal (w1*x1(0) and a multiplication signal (w2*x2 
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(i)X — The inner product signal WHX (i) which shows the inner product of the antenna weight W 
and the receiving OFDM signal X (i) is searched for by adding a multiplication signal (wM*xM (i)). 
a generator 60 memorizes a reference sign rO (i) beforehand, and outputs this reference sign rO 
(i) to an adder 50, and an adder 50 asks for error [ of a reference sign rO (i) and the inner 
product signal WHX (i) ] e (i) — {— e(i) =r0(i)- WHX (i) — } . The MMSE computing element 40 
updates the antenna weight W so that this error e (i) may be made small by considering the 
receiving OFDM signal X (i) and error e (i) as an input, and it is multipliers 21 and 22 about that 
antenna weight W. — It outputs to 2M. 

[001 1] Here, the delay signal except a request known signal etc. can be oppressed among the 
receiving OFDM signals X (i) by adopting a request known signal (for example, preamble signal on 
a time-axis) as a reference sign rO (i). Incidentally, in the adaptive array antenna of an MMSE 
method, the number of the known signals (null point) which can be oppressed is prescribed by 
the number of antenna elements, and it is (the number of antenna elements). - It is "1." 
Hereafter, the number of the known signals (null point) which can be oppressed is called degree 
of freedom. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, in the adaptive array antenna of an 
MMSE method, although the time delay of the delay signal over a request known signal can 
restore data (the data 1 in drawing 26 - data 4) from an input signal if it is shorter than the 
period TG of the guard interval GI when the sum of a request known signal and its delay signal is 
received as an input signal like ****, the delay signal (henceforth the delay signal in GI) 
concerned will be oppressed. 

[0013] It becomes impossible thus, to compound two or more signals and to raise the receiving 
engine performance by there being no need of oppressing and oppressing the delay signal in GI 
which can be restored and compounded. 

[0014] moreover, null [ in / in order to oppress the delay signal in GI / an adaptive array 
antenna ] — the delay signal delayed for the delay signal in GI since a point would be formed — 
like — original — null — the signal which should form a point — null — there is a problem of it 
becoming impossible to form a point. That is, the degree of freedom of an adaptive array antenna 
will be consumed vainly. 

[0015] This invention aims at offering the adaptive array antenna which held down useless 
consumption of a degree of freedom in view of the above. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned object, this invention in 
invention according to claim 1 The antenna multiplication means which carries out the 
multiplication of each antenna weight to the input signal received by two or more antenna 
elements (1 1 — 1M) and two or more antenna elements (21 — 2M), An addition means by which 
antenna weight adds each input signal by which multiplication was carried out, and outputs an 
addition signal (30), A reference calculation means to ask for a reference sign from the 1 st 
known signal and the 2nd known signal (51-53, 51 A, 53A), It is characterized by having an 
updating means (40A, 41) to update antenna weight according to the input signal, reference sign, 
and addition signal which were received by two or more antenna elements. 

[0017] Here, a reference sign is computed from the 1st and 2nd known signals, and an updating 
means updates antenna weight according to a reference sign and the above-mentioned input 
signal concerned, the 2nd known signal, and an addition signal. For this reason, an updating 
means can oppress the component except the 1st and 2nd known signals by renewal of antenna 
weight among the input signals received by two or more antenna elements. Therefore, since 
oppression of the 2nd known signal is prevented and a signal component with the need for 
oppression can originally be oppressed when oppression of the 2nd known signal is unnecessary, 
the Nur point can be formed in an effective target. For this reason, useless consumption of the 
degree of freedom of an adaptive array antenna is held down. 

[0018] Moreover, since the component except the 2nd known signal is oppressed among [ 1st ] 
input signals, the composite signal of the 1st and 2nd known signals can be acquired among input 
signals. Here, like invention according to claim 2, the 2nd known signal can acquire a good 
recovery signal, when it is the delay signal which carried out predetermined period delay to said 
1st known signal and gets over using the composite signal of the 1st and 2nd known signals 
compared with the case where it restores only to the 1 st known signal. 

[0019] Furthermore, you may make it have a delay means (80) to carry out predetermined period 
delay of the 1st known signal, and to search for the 2nd known signal like invention according to 
claim 3. Moreover, the 2nd known signal is not prepared beforehand but you may make it search 
for the 2nd known signal according to an input signal. 

[0020] Like invention according to claim 4, namely, two or more antenna elements The signal 
which has the component of the 1st known signal and the component of the 2nd known signal is 
received as an input signal, respectively. Based on the input signal received by two or more 
antenna elements, it has a time delay calculation means (100) to find the time delay of the 
component of the 2nd [ to the component of the 1st known signal ] known signal, and only a time 
delay delays a request known signal and you may make it a delay means search for the 2nd 
known signal. 

[0021] Furthermore, a delay signal generation means by which only time amount which is 
different to the 1st known signal, respectively generates two or more delay signals for ******** 
like invention according to claim 5 (90), You may make it have the correlating detector (131a- 
1 34c) which performs correlation detection of each delay signal of a delay signal generation 
means, and said input signal, and a selection means (135a-136) to choose any of two or more 
delay signals they are as 2nd known signal based on the correlation detection of a correlating 



http://www4jpdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



2007/09/14 



JP,2002-359513,A [MEANS] 



2/25 ^— V 



detector. 

[0022] Like invention according to claim 6, specifically a reference-sign calculation means The 
1st known signal is added to the 2nd known signal with which the multiplication of the signal 
weight was carried out to the 2nd known signal, and the multiplication of this signal weight was 
carried out, and it asks for a reference sign. An updating means You may make it update signal 
weight according to the input signal and the 2nd known signal which were received by two or 
more antenna elements, a reference sign, and an addition signal. 

[0023] An oppression means to add a return signal by invention according to claim 7 here in 
order to oppress the component of the known signal of [ 2nd ] the addition signals of an addition 
means (129 130), It is characterized by having an addition signal delay means (121-124) only for 
a predetermined period to delay an addition signal and to generate a delay addition signal, and a 
multiplication means (125-128) to carry out the multiplication of said signal weight to a delay 
addition signal, and to ask for said return signal. Thereby, an oppression means oppresses the 
component of the 2nd known signal among addition signals, and can output only the component 
of the 1 st known signal. 

[0024] Two or more antenna elements [ invention / according to claim 8 ] (1 1 — 1M), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801-80M), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201-20M), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A request frequency 
judgment means to search for the request discrimination signal with which frequency 
discrimination of the request OFDM signal was carried out (84), A delay means to search for the 
delayed discrimination signal delayed to the request discrimination signal (90 83), A reference 
addition means to add a request discrimination signal to the delayed discrimination signal with 
which the multiplication of the signal weight was carried out to the delayed discrimination signal, 
and the multiplication of this signal weight was carried out, and to ask for a reference sign (510, 
520, 530), According to each of said discrimination signal and said delayed discrimination signal, 
said addition signal is brought close to said reference sign. It is characterized by having an 
updating means (40B) to update said antenna weight and said signal weight so that the 
component except the both sides of said request discrimination signal and a delayed 
discrimination signal may be oppressed among said each discrimination signal. 
[0025] Thus, an updating means updates antenna weight and signal weight so that the 
component except the both sides of a request discrimination signal and a delayed discrimination 
signal may be oppressed among each discrimination signal. For this reason, since oppression of a 
delayed discrimination signal is prevented and a signal component with the need for oppression 
can originally be oppressed when oppression of a delayed discrimination signal is unnecessary, 
the Nur point can be formed in an effective target. For this reason, useless consumption of the 
degree of freedom of an adaptive array antenna is held down. 

[0026] Moreover, since an updating means updates antenna weight and signal weight so that the 
component except the both sides of a request discrimination signal and a delayed discrimination 
signal may be oppressed among each discrimination signal like ****, it can obtain the both sides 
of a request discrimination signal and a delayed discrimination signal among each discrimination 
signal. If it gets over using the both sides of such a request discrimination signal and a delayed 
discrimination signal, a good recovery signal will be acquired compared with the case where it 
gets over only by the request discrimination signal. 

[0027] Two or more antenna elements [ invention / according to claim 9 ] (11-14), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by said two or more antenna elements, respectively, and to search for a 
discrimination signal (801-804), The antenna multiplication means which carries out the 
multiplication of the antenna weight to said each discrimination signal by which frequency 
discrimination was carried out (201-204), An addition means by which said antenna weight adds 
each discrimination signal by which multiplication was carried out, and outputs an addition signal 
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(300), A delay means to search for the delay OFDM signal which carried out predetermined 
period delay to the request OFDM signal (80A), A request frequency judgment means by which 
the both sides of said request OFDM signal and said delay OFDM signal search for the request 
discrimination signal by which frequency discrimination was carried out (834), A reference 
addition means to carry out the multiplication of the signal weight to said request discrimination 
signal, and to ask for a reference sign (530A), An addition reference-sign calculation means to 
add said reference sign and said addition signal, and to ask for an addition reference sign (51 OA), 
It is characterized by having an updating means (42) to update said antenna weight and said 
signal weight so that power of the component except said request discrimination signal may be 
made small among said addition reference signs. 

[0028] Thus, since an updating means updates antenna weight and signal weight so that power of 
the component except the component of request discrimination ****** may be made small 
among addition reference signs, it can make small power of the component except the 
component of a request discrimination signal among addition reference signs. Therefore, while 
oppression of the signal with which oppression of a request discrimination signal is prevented, 
namely, frequency discrimination of the request OFDM signal was carried out is prevented, 
oppression of the signal with which frequency discrimination of the delay OFDM signal was 
carried out is prevented. 

[0029] For this reason, since a signal component with the need for oppression can originally be 
oppressed when oppression of the signal with which frequency discrimination of the delay OFDM 
signal was carried out is unnecessary, the Nur point can be formed in an effective target. For 
this reason, useless consumption of the degree of freedom of an adaptive array antenna is held 
down. 

[0030] Moreover, you may make it have a generation means (60) to generate the preamble signal 
with which the known signal was arranged on the frequency shaft as said request OFDM signal 
like invention according to claim 10. Furthermore, like invention according to claim 11, a received 
frequency discrimination means may carry out the thump rig of the receiving OFDM signal, each 
sampling signal may be acquired, said discrimination signal may be searched for according to 
each sampling signal, and you may make it a time delay be the predetermined multiple of the 
period of a sampling. 

[0031] Furthermore, in invention according to claim 12, a delay means is characterized by 
outputting one delayed discrimination signal and said delayed discrimination signal of the request 
number. Thereby, like invention according to claim 1, an updating means can update said each 
antenna weight and signal weight so that the component except said request discrimination 
signal and the delayed discrimination signal of the request number may be oppressed among said 
each discrimination signal. 

[0032] Furthermore, in invention according to claim 1 3, the request number of a delayed 
discrimination signal is characterized by being the maximum number decided by the guard 
interval period of the data signal of a request OFDM signal, and the period of a sampling. 
Thereby, further, since oppression of many delayed discrimination signals can be prevented, 
useless consumption of the degree of freedom of an adaptive array antenna can be held down 
effectively. In addition, the maximum number of a delayed discrimination signal is {(period of a 
guard interval period / sampling) -1}. 

[0033] In invention according to claim 14, a reference-sign calculation means A means to carry 
out the multiplication of the signal weight to said 1 st and 2nd known signals, and to ask for said 
re f erence s ig n (53A), It has a means (51 A) to add said reference sign and said addition signal, 
and to ask for an addition reference sign. Said updating means (41) It is characterized by 
updating said antenna weight and said signal weight so that power of the component except said 
1st and 2nd known signals may be made small among said addition reference signs. 
[0034] Thus, since an updating means (41) updates antenna weight and signal weight so that 
power of the component except the 1st and 2nd known signals may be made small among 
addition reference signs, it can make small power of the component except the 1st and 2nd 
known signals among addition reference signs. For this reason, control of the 1st and 2nd known 
signals can be prevented, and since a signal component with the need for oppression can 
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originally be oppressed when control of the 2nd known signal is unnecessary, the Nur point can 
be formed in an effective target. 

[0035] Two or more antenna elements [ invention / according to claim 15 ] (11-14), The antenna 
multiplication means which carries out the multiplication of each antenna weight to the input 
signal received by said two or more antenna elements (21—24), An addition means by which said 
antenna weight adds each input signal by which multiplication was carried out, and outputs an 
addition signal (30), A received signalling frequency output means to output the received 
signalling frequency which shows the component of a narrow frequency band compared with the 
frequency band of these input signals among the input signals received by said two or more 
antenna elements, respectively (420-423), A known signalling frequency output means to output 
the known signalling frequency which shows the component of said narrow frequency band 
among known signals (424), A delay means to search for the delay signalling frequency which 
carried out predetermined period delay to said known signalling frequency (80A), A reference- 
sign calculation means to carry out the multiplication of the signal weight to said delay signalling 
frequency and said known signalling frequency, and to ask for a reference sign (53A), An addition 
reference-sign calculation means to add said reference sign and said addition signal, and to ask 
for an addition reference sign (51 A), It is characterized by having an updating means (41) to 
update said antenna weight and said signal weight so that power of the component except said 
delay signalling frequency and said known signalling frequency may be made small among said 
addition reference signs. 

[0036] Thus, since an updating means updates antenna weight and signal weight so that power of 
the component except delay signalling frequency and known signalling frequency may be made 
small among addition reference signs, it can make small power of the component except delay 
signalling frequency and known signalling frequency among addition reference signs. For this 
reason, control of delay signalling frequency and known signalling frequency can be prevented, 
and since a signal component with the need for oppression can originally be oppressed when 
control of delay signalling frequency is unnecessary, the Nur point can be formed in an effective 
target. 

[0037] Here, the count of updating of antenna weight and signal weight is decided by the 
frequency band of an input signal, and since it replaces with an input signal in renewal of antenna 
weight and signal weight and the known signalling frequency of a narrow frequency band is used 
for it like **** compared with the frequency band of an input signal, it can reduce the count of 
updating of antenna weight and signal weight. 

[0038] Moreover, two or more antenna elements [ invention / according to claim 16 ] (1 1 12), A 
received frequency discrimination means to carry out frequency discrimination of the receiving 
OFDM signal received by two or more antenna elements, respectively, and to search for a 
discrimination signal (801 802), The antenna multiplication means which carries out the 
multiplication of the antenna weight to each discrimination signal by which frequency 
discrimination was carried out (201 202), An addition means by which antenna weight adds each 
discrimination signal by which multiplication was carried out, and outputs an addition signal (300), 
A known frequency judgment means to carry out frequency discrimination of the known OFDM 
signal, and to search for a known discrimination signal (83), A phase revolution means only for 
each amount of phases to carry out a phase revolution to a known discrimination signal, and to 
search for the phase revolution known discrimination signal corresponding to each amount of 
phases (1000), A correlation means to take correlation with the phase revolution known 
discrimination signal corresponding to each amount of phases, and each discrimination signal, and 
to calculate the correlation value corresponding to each amount of phases (1010), While 
choosing a maximum correlation value among the correlation values corresponding to each 
amount of phases the phase revolution known discrimination signal corresponding to each 
amount of phases — with a selection means (1020) to choose the response phase revolution 
known discrimination signal corresponding to a maximum correlation value inside While making 
small the component except the phase revolution known discrimination signal corresponding to 
each amount of phases among addition signals, it is characterized by having an updating means 
(1034) to update antenna weight so that it may leave a response phase revolution known 
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discrimination signal at least among addition signals. 

[0039] Thus, an updating means updates the antenna weight which makes small the component 
except the phase revolution known discrimination signal corresponding to each amount of phases 
among addition signals. Therefore, the component except the phase revolution known 
discrimination signal corresponding to each amount of phases can be made small among addition 
signals. For this reason, control of the phase revolution known discrimination signal 
corresponding to each amount of phases can be prevented, and since a signal component with 
the need for oppression can originally be oppressed when control of the phase revolution known 
discrimination signal corresponding to each amount of phases is unnecessary, the Nur point can 
be formed in an effective target. 

[0040] Furthermore, an updating means updates antenna weight so that it may leave the 
response phase revolution known discrimination signal corresponding to a maximum correlation 
value at least among addition signals. Therefore, it can leave the response phase revolution 
known discrimination signal corresponding to a maximum correlation value at least among 
addition signals. 

[0041] Here, since a response phase revolution known discrimination signal is equivalent to the 
phase revolution known discrimination signal of a maximum-electric-power value among the 
phase revolution known discrimination signals corresponding to each amount of phases, it can 
acquire the big revolution known discrimination signal of a received-power value by leaving a 
response phase revolution known discrimination signal. 

[0042] Two or more antenna elements [ invention / according to claim 17 ] (1 1 12), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801 802), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201 202), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among each 
discrimination signal compared with a discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among known 
discrimination signals compared with a known discrimination signal (1041), Only the amount of 
phases which is different to a narrow-band known discrimination signal, respectively carries out 
a phase revolution. A phase revolution means to search for the signal according to phase rotary 
valve of the narrow-band corresponding to each amount of phases (1000), A correlation means 
to take correlation with the signal according to phase rotary valve of the narrow-band 
corresponding to each amount of phases, and each discrimination signal, and to calculate the 
correlation value corresponding to each amount of phases (1010), While choosing a maximum 
correlation value among the correlation values corresponding to each amount of phases A 
selection means to choose the signal according to phase rotary valve of the narrow-band 
corresponding to a maximum correlation value among the signals according to phase rotary valve 
of each narrow-band (1020), While making small the component except the phase revolution 
known discrimination signal of the narrow-band corresponding to each amount of phases among 
addition signals, it is characterized by having an updating means (1033) to update so that it may 
leave at least the signal according to phase rotary valve of the narrow-band which corresponds 
among addition signals. 

[0043] Thus, since an updating means updates the antenna weight which makes small the 
component except the phase revolution known discrimination signal of the narrow-band 
corresponding to each amount of phases among addition signals, it can make small the 
component except the phase revolution known discrimination signal of the narrow-band 
corresponding to each amount of phases among addition signals. For this reason, control of the 
phase revolution known discrimination signal of the narrow-band corresponding to each amount 
of phases can be prevented, and since a signal component with the need for oppression can 
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originally be oppressed when control of the phase revolution known discrimination signal of the 
narrow-band corresponding to each amount of phases is unnecessary, the Nur point can be 
formed in an effective target. 

[0044] Furthermore, an updating means updates antenna weight so that it may leave the phase 
revolution known discrimination signal of the narrow-band corresponding to a maximum 
correlation value at least among addition signals. Therefore, it can leave the phase revolution 
known discrimination signal of the narrow-band corresponding to a maximum correlation value at 
least among addition signals. 

[0045] Here, since said corresponding phase revolution known discrimination signal of a narrow- 
band is equivalent to the phase revolution known discrimination signal of a maximum-electric- 
power value among the phase revolution known discrimination signals corresponding to each 
amount of phases, it can acquire the big revolution known discrimination signal of a received- 
power value by leaving said corresponding phase revolution known discrimination signal of a 
narrow-band. 

[0046] Here, since the signal according to phase rotary valve of a narrow-band is used when an 
updating means updates antenna weight, the amount of operations for updating can be reduced 
compared with invention according to claim 1 6. 

[0047] Two or more antenna elements [ invention / according to claim 18 ] (11 12), A received 
frequency discrimination means to carry out frequency discrimination of the receiving OFDM 
signal received by two or more antenna elements, respectively, and to search for a discrimination 
signal (801 802), The antenna multiplication means which carries out the multiplication of the 
antenna weight to each discrimination signal by which frequency discrimination was carried out 
(201 202), An addition means by which antenna weight adds each discrimination signal by which 
multiplication was carried out, and outputs an addition signal (300), A narrow-band output means 
to output the narrow-band discrimination signal of a narrow frequency band among each 
discrimination signal compared with a discrimination signal, respectively (1040), A request 
frequency judgment means to carry out frequency discrimination of the known OFDM signal, and 
to search for a known discrimination signal (83), A known narrow-band output means to output 
the narrow-band known discrimination signal of a narrow frequency band among known 
discrimination signals compared with a known discrimination signal (1041), The phase revolution 
means (1000) which carries out the phase revolution of the narrow-band known discrimination 
signal, and the inside of an addition signal, It is characterized by having an updating means 
(1030A) to update antenna weight so that power of the component except a narrow-band known 
discrimination signal and said narrow-band known discrimination signal by which the phase 
revolution was carried out may be made small. 

[0048] Thus, since antenna weight is updated so that power of the component except the 
narrow-band known discrimination signal by which the phase revolution was carried out with the 
narrow-band known discrimination signal among addition signals may be made small, power of the 
component except a narrow-band known discrimination signal and said narrow-band known 
discrimination signal by which the phase revolution was carried out can be made small among 
addition signals. For this reason, control of a narrow-band known discrimination signal and said 
narrow-band known discrimination signal by which the phase revolution was carried out can be 
prevented, and since a signal component with the need for oppression can originally be 
oppressed when control of a narrow-band known discrimination signal and said narrow-band 
known discrimination signal by which the phase revolution was carried out is unnecessary, the 
Nur point can be formed in an effective target. 

[0049] Here, since said narrow-band known discrimination signal by which the phase revolution 
was carried out and signal according to phase rotary valve of a narrow-band are used when an 
updating means computes antenna weight, the amount of operations for updating can be 
reduced. 

[0050] Incidentally, the sign in the parenthesis of each above-mentioned means is an example 
which shows response relation with the concrete means of a publication to the operation gestalt 
mentioned later. 
[0051] 
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[Embodiment of the Invention] (The 1st operation gestalt) The adaptive array antenna of the 
MMSE method which starts the 1st operation gestalt of this invention at drawing 1 is shown. In a 
**** 1 operation gestalt, the adaptive array antenna of an MMSE method shows the example 
which receives an OFDM signal. Drawing 1 is a block diagram about the outline configuration of 
the adaptive array antenna of an MMSE method. The adaptive array antenna of an MMSE 
method is an antenna element 11, as shown in drawi ng 1 . — They are 1M (M is the natural 
number) and a multiplier 21. — It consists of 2M f an adder (sigma) 30, MMSE computing-element 
40A, adders 51 and 52, a multiplier 53, and generators 60 and 70. In drawing 1 , the same sign as 
the sign in drawing 18 shows the same object or a substantial same object. 
[0052] A generator 60 generates the preamble signal rO of an OFDM signal (i) as a request 
known signal, and this preamble signal rO (i) is a signal with which two or more pilot symbols 
(known signal) were arranged on the frequency shaft. 

[0053] A generator 70 generates the delay signal of U (U is the natural number) individual to the 
preamble signal rO (i) as other known signals, and U delay signals have a different time delay to a 
preamble signal, respectively. However, each time delay of U delay signals over a preamble signal 
is short compared with the period TG of the guard interval GI of an OFDM symbol, and is 
hereafter set to delay signal R (i) which shows U delay signals in a formula 3. 
[0054] 
[Equation 3] 

R(i) =[— r1(i) r2(i) — rU (i) — ] — < — SUP>T, next a multiplier 53 output the multiplication 
signal {AHR (i)} which carries out the multiplication of the signal weight AH expressed to a 
formula 4 to delay signal R (i), and is shown in a formula 5. 
[0055] 

[Equation 4] A= [a1 a2 — aU] T [0056] 

[Equation 5] AHR(i) =a1*r1(i)+a2*r2(i) — aU*rU (i) 

Next, an adder 52 adds the preamble signal rO (i) and the multiplication signal AHR (i), and 
outputs an addition signal (r0(i)+AHR(i)). Here, an addition signal (r0(i)+AHR(i)) turns into a 
composite signal (reference sign) of the preamble signal rO (i) and delay signal R (i). And an adder 
51 asks for error [ of an addition signal (r0(i)+AHR(i)) and the inner product signal WHX of an 
adder 30 (i) ] e (i). Here, error e (i) can be expressed to a formula 6. 
[0057] 

[Equation 6] To e(i) =r0(i)+AHR(i)-WHX, next MMSE computing-element 40A The receiving 
OFDM signal X (i), delay signal R (i), and error e (i) are inputted. MMSE computing-element 40A 
for example, SMI (Sample Matrix Inversion) of an MMSE method, while updating the antenna 
weight W and outputting to a multiplier 21 and 22 — 2M so that error e (i) may be made small 
based on law The signal weight A is updated and it outputs to a multiplier 53 so that error e (i) 
may be made small based on the SMI method of an MMSE method. 

[0058] Thereby, as an inner product signal WHX of an adder 30, the component except preamble 
signal rO (i), (request known signal), and delay signal R (i) (other known signals) becomes a 
repressed signal among the receiving OFDM signals X (i). 

[0059] Here, the signal weight A is called for so that MMSE computing-element 40A may show 
the phase contrast and the amplitude difference of delay signal R (i) and a (the 2nd known signal) 
on the basis of the preamble signal rO (i) and (the 1st known signal). 

[0060] Hereafter, the description of a **** 1 operation gestalt is described. First, the time delay 
of delay signal R (i) to the preamble signal rO can restore data (for example, QPSK data symbol) 
for the inner product signal WHX of an adder 30 by FFT processing (frequency discrimination), 
without oppressing delay signal R (i) among the receiving OFDM signals X (i) like since it is 

short compared with the period TG of the guard interval GI. 

[0061] That is, oppression of delay signal R (i) is unnecessary among the receiving OFDM signals 
X (i). So, with a **** 1 operation gestalt, a repressed signal is acquired for the component 
except the preamble signal rO (i) and the delay signal AHR (i) among the receiving OFDM signals 
X (i) as an inner product signal WHX of an adder 30 like ****. 

[0062] For this reason, since oppression of delay signal R (i) is prevented and a signal 
component with the need for oppression can originally be oppressed, the Nur point can be 
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formed in an effective target. Therefore, useless consumption of the degree of freedom of the 
adaptive array antenna of an MMSE method can be held down. 

[0063] Moreover, since the addition signal (rO(i)+AHR(i)) of the preamble signal rO (i) and delay 
signal R (i) is acquired, if it restores to this addition signal as an inner product signal WHX of an 
adder 30, a good recovery signal will be acquired compared with the case where it restores to 
the preamble signal rO (i). 

[0064] Here, the result of a simulation is shown in drawing 2 . An axis of abscissa is the receiving 
include angle [deg] of the received electric wave on the basis of the adaptive array antenna of 
an MMSE method among drawing 2 , and an axis of ordinate is an oppression ratio (dB). The 
chain line shows the result of the simulation which used the adaptive array antenna of the 
conventional MMSE method. A continuous line shows the result of the simulation which used the 
adaptive array antenna of the MMSE method of a **** 1 operation gestalt. 
[0065] Although the delay signal in GI is oppressed in the adaptive array antenna of the 
conventional MMSE method so that drawing 2 may show, oppression of the delay signal in GI is 
prevented in the adaptive array antenna of the MMSE method of a **** 1 operation gestalt. 
However, the delay signal in GI is a delay signal which has a short time delay compared with 
Period (guard interval GI) TG to a request signal (preamble signal rO). 

[0066] Below, the SMI algorithm of the MMSE method of MMSE computing^element 40A in a 
**** 1 operation gestalt is described. First, error e (i) shown in a formula 6 can be transformed, 
and error e (i) can be expressed like a formula 7. 
[0067] 
[Equation 7] 

e (i) =r 0 (i) +R (i) A H -W*X 

= r 0 (i) - CW*X-R (i) A H } 
= r 0 (i) ~Y a Z (i) 

Y is the antenna weight W and weight including the both sides of the signal weight A here, as 
shown in a formula 8, and Z (i) is a signal including the both sides of the receiving OFDM signal X 
(i) and delay signal R (i), as expressed to a formula 9. 
[0068] 

[Equation 8] Y= [w1 w2 w3 — wM-a1-a2-a3 aU] T [0069] 

[Equation 9] Z — = — [— x — one — (— i — ) x2 — (— i — ) x — three — (— i - 

-) .... xM — (— i — ) r — one — (— i — ) r — two — (~ i — ) r — three — 

( — | — ) — r y — ( — j — ) — ] — TSMI — an algorithm — an odor — a formula — ten — being 
shown — a performance index — Q — direct — minimizing . However, alpha is the weighting 
constant of 0< alpha<=1 . 
[0070] 

[Equation 10] 
Q(i)=la G ' i |e{i)| 2 

i=1 

[0071] Furthermore, the gradient vector about the weight Y of a formula 7 is set with zero, and 
the least square of a performance index Q is obtained like a formula 1 1 . This formula 1 1 shows 
the formula for updating weight Y (G). However, G is time amount (thump rig time amount), and G 
shows the count of updating of Weight Y (number of steps). 
[0072] 

[Equation 11] 

Y(G)=B _1 (G)b(G) 

[0073] Here, a formula 12 and a formula 13 are shown for B in a formula 11, and b. 
[0074] 

[Equation 12] 

B=Ia G-1 Z(i)Z H (i) 
i=i 
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[0075] 

[Equation 13] 

b(G)- I a G " i Z(i)r fl *(i) 

[0076] (The 2nd operation gestait) Although the example which adopted the generator 70 was 
explained with the above-mentioned 1st operation gestait in order to generate delay signal R (i) 
and (U delay signals), you may make it generate delay signal R (i) using the preamble signal 
outputted not only from this but from the generator 60. The configuration in this case is shown 
in drawing 3 and drawing 4 . 

[0077] Drawing 3 is the block diagram showing the configuration of the adaptive array antenna of 
the MMSE method of a **** 2 operation gestait, and drawin g 4 is drawing showing the detail of 
the delay circuit in drawing 3 (henceforth a delay circuit 80). With the **** 2 operation gestait, 
as shown in drawing 3 , while the generator 60 shown in drawing 1 is deleted, the delay circuit 80 
is adopted. In drawing 3 , the same sign as the sign in drawing 1 shows the same object or a 
substantial same object. 

[0078] A delay circuit 80 is arranged between a generator 60 and a multiplier 53, and outputs 
delay signal R (i) stated with the above-mentioned 1 st operation gestait in response to the 
preamble signal outputted from the generator 60. 

[0079] Specifically, a delay circuit 80 is the delay signal r1 (i) with which the series connection of 
the delay machines (Z-1) 801, 802, and 803 and the — 80U is carried out, it is constituted, and 
the delay machines 801, 802, and 803 and — 80U correspond, respectively as shown in drawing 

4 , and r2 (i). — rLI (i) is outputted to MMSE computing-element 40A and a multiplier 53. Other 
actuation and effectiveness are the same as the above-mentioned 1st operation gestait. 
[0080] (The 3rd operation gestait) Although the adaptive array antenna of an MMSE method 
explained the example which adopted the pudding AMBURU signal of an OFDM signal as a signal 
on a time-axis with the above-mentioned 1st and 2nd operation gestait, you may make it adopt 
each discrimination signal which carried out FFT processing (frequency judgment) of the pudding 
bull signal of not only this but an OFDM signal. The configuration in this case is shown in drawing 

5 - drawing 8 . It is ****** with which drawing 5 is drawing showing the configuration of the 
adaptive array antenna of a **** 3 operation gestait, and drawing 6 indicates the detail 
configuration of the FFT circuit 83 in drawing 5 to be. Drawin g 7 is drawing showing actuation of 
the delay circuit 90 of drawing 5 , and drawing 8 is drawing showing actuation of the FFT circuit 
in drawin g 6 . 

[0081] With the **** 3 operation gestait, as shown in drawing 5 , MMSE arithmetic circuit 40B is 
replaced with and adopted as MMSE arithmetic circuit 40A in drawing 1 , and Multipliers 201- 
20M are replaced with and adopted as the multipliers 21-2M in drawing 1 . Multipliers 510-530 
are replaced with and adopted as the multipliers 51-53 in drawin g 1 . Furthermore, the FFT 
circuits 801-80M, and 83 and 84 are added. The FFT circuit 801 carries out FFT processing of 
the pudding AMBURU signal of the receiving OFDM signal x1 of an antenna element 1 1 (i). The 
FFT circuit 801 samples only N (N is the natural number) time as every [ of the above- 
mentioned pudding AMBURU signal ] effective symbol (refer to drawin g 1 7 ) (analog to digital 
conversion), carries out FFT processing based on each sampling signal, and, specifically, is the 
discrimination signal ft1 for every frequency (1), and ft1 (2). — ft1 (N) may be outputted. Here, 
they are the discrimination signal ft1 (1) and ft1 (2). — ft1 (N) can be summarized and can be 
expressed with a formula 14. Moreover, N is the count of a sampling of the above-mentioned 
effective symbol, and is the point size of FFT of the above-mentioned effective symbol. 
[0082] 

[Equation 14] As substantially as the FFT circuit 801, similarly, the FT1(i) =[ft1(1) ft1(2) ft1(3) — 
ft1 (N)] TFFT circuit 802 carries out FFT processing of the pudding AMBURU signal of the 
receiving OFDM signal x1 of an antenna element 1 1 (i), and is the discrimination signal ft2 for 
every frequency (1), and ft2 (2). — ft2 (N) is outputted. Furthermore, the discrimination signal ft2 
(1), ft2 (2) — ft2 (N) is summarized and can be expressed with a formula 15. 
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[0083] 

[Equation 15] FT2(i) =[ft2(1) ft2(2) ft2(3) — ft2 (N)] TFFT circuit 80M carry out FFT processing 
of the pudding AMBURU signal of the receiving OFDM signal xM of antenna element 1M (i) 
similarly substantially with the FFT circuit 801, and are the discrimination signal ftM for every 
frequency (1), and ftM (2). — ftM (N) is outputted. Furthermore, the discrimination signal ftM (1), 
ftM (2) — ftM (N) is summarized and can be expressed with a formula 16. 
[0084] 

[Equation 16] FTM(i) =[— ftM(1) ftM(2) ftM(3) — ftM (N) — ] — T — here — a **** 3 operation 
gestalt — FT1 (i), FT2 (i), and — [0085] made into discrimination signal X (i)' as FTM (i) is 
summarized and it is shown in a formula 1 7 

[Equation 17] X — (— i — ) — ' — = — [— FT — one — (— i — ) FT — two — (— i — ) 

— FTM ~ (— i — ) — ] — T ™ next — a multiplier — 201 - 20 — M — the antenna weight WH 

— discrimination signal X (i)' — multiplication — carrying out . That is, a multiplier 201 obtains a 
result (w1*FT1 (i)) in quest of the product of antenna weight w1* and FT1 (i). A multiplier 202 
obtains a result (w2*FT2 (i)) in quest of the product of antenna weight w2* and FT2 (i). 
Furthermore, multiplier 20M obtain a result (wM*FTM (Q) in quest of the product of antenna 
weight wM* and FTM (i). 

[0086] next — an adder (sigma) — 300 — a multiplier — 201 - 20 — M — depending — a 
result (w1*FT1 (i)) — ( — w — two — * — FT — two — (— i — ) — ) — (wM*FTM (0) — a 
frequency — every — adding — things — an antenna — weight — W — discrimination — a 
signal — X — ( — i — ) — ' — an inner product — being shown — an inner product — a signal - 

— WHX — (— i — ) — ' — asking . 

[0087] Incidentally, as inner product signal WHX (i)\ as shown in a formula 18, the inner product 
signal of the N individual fx1(1) fx2(2) — fxM(N) is packed. Furthermore, for example, fx1 (1) can 
express an inner product signal with a formula 19, and the inner product signal fx2 (2) can be 
expressed with a formula 20. Furthermore, the inner product signal fxM (N) can be expressed 
with a formula 21. 
[0088] 

[Equation 18] WHX(i)'= [fxKD fic2(2) — fxM(N)] T [0089] 
[Equation 19] fxKD =w1* and ft1 (1) +w2*, ft2 (1) — wM*, ftM (1) 
[0090] 

[Equation 20] fx2(2) =w1* and ft1 (2) +w2*, ft2 (2) — wM*, ftM (2) 
[0091] 

[Equation 21] fxM(N) =w1* and ft1 (N) +w2*. ft2 (N) — wM*, ftM (N) 

Next, delay circuits 90 are the delay preamble signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS) 
over this preamble signal rO (i), in response to the fact that the preamble signal rO of an OFDM 
signal (i) and the (request known signal) from a generator 60, as shown in drawing 6 . — OF (t+p- 
tS) is generated. 

[0092] However, tS is the time amount which shows the sampling period of the FFT circuits 801- 
80M, and (p+1) is the count of the sampling at the time of sampling the guard interval GI of an 
OFDM symbol by time amount tS. 

[0093] Thereby, they are the delay preamble signals OF (t+tS) and OF (t+2, tS). — OF (t+p-tS) 
has a time delay shorter than the guard interval period TG to the preamble signal rO (i), 
respectively. Furthermore, as the number of a delay preamble signal, it is the maximum number 
defined with the guard interval period TG and a sampling period tS {p=(TG/tS)-1}. 
[0094] Here the delay preamble signal OF (t+tS) As shown in drawing 7 , by the signal which 
delayed only time amount tS to the preamble signal rO (i) the delay preamble signal OF (t+2, tS) 
It is the signal which delayed only time amount 2 tS to the preamble signal rO (i), and the delay 
preamble signal OF (t+3, tS) is a signal which delayed only time amount 3 and tS to the preamble 
signal rO (i). The delay preamble signal OF (t+p-tS) is a signal which delayed only time amount p- 
tS to the preamble signal rO (i). 

[0095] Next, the FFT circuits 83 are the delay preamble signals OF (t+tS), OF (t+2, tS), and OF 
(t+3, tS) from a delay circuit 90, as shown in drawing 6 . — Each effective symbol of OF (t+p-tS) 
is sampled with a sampling period tS in juxtaposition, and FFT processing is carried out by the 
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sampling signal. Specifically, the FFT circuits 83 are the FFT processing sections 831, 832, and 
833. — It has 83p, and as shown in d rawin g 8 , the FFT processing section 831 carries out FFT 
processing of the effective symbol of the delay preamble signal OF (t+tS) with a sampling period 
tS, and outputs delayed discrimination signal R (1). However, delayed discrimination signal R (1) 
can be expressed with a formula 22. This delayed discrimination signal R (1) has a signal 
component for every frequency. 
[0096] 

[Equation 22] R(1) = — "— f1(1) f1(2) f1 (3) — f1 (N) — " — T — the FFT processing section 
832 outputs delayed discrimination signal R (2) shown in a formula 23 again by carrying out FFT 
processing of the effective symbol of the delay preamble signal OF (t+2, tS) with a sampling 
period tS, as shown in drawing 8 . This delayed discrimination signal R (2) has a signal component 
for every frequency. Furthermore, FFT processing section 83p outputs delayed discrimination 
signal R (p) shown in a formula 24 by carrying out FFT processing of the effective symbol of the 
delay preamble signal OF (t+p-tS) with a sampling period tS, as shown in drawin g 8 . Delayed 
discrimination signal R (p) has a signal component for every frequency. 
[0097] 

[Equation 23] R — ( — two — ) — = — " — f — two — ( — one — ) f — two — (— two — 

) f — two — (— three — ) — f — two — (— N — ) — " — T — [ — 0098 — ] 

[Equation 24] R — ( — p — ) — = — " — fp — ( — one — ) fp — ( — two — ) fp — 

( — three — ) — fp — ( — N — ) — " — T — next — drawing 5 — being shown — FFT — a 
circuit — 84 — drawing 8 — being shown — as — the preamble signal rO of the OFDM signal 
from a generator 60 (i) — ( — = — the effective symbol of OF (t)) is sampled with a sampling 
period tS, and FFT processing is carried out by these sampling signal. Thereby, the FFT circuit 
84 outputs request discrimination signal rO (i)\ as shown in a formula 25. Request discrimination 
signal rO (i)' has a signal component for every frequency. 
[0099] 

[Equation 25] r — zero — ( — i — ) — 1 — = — " — f — zero — ( — one — ) f — zero — 

( — two — ) f — zero — ( — three — ) — f — zero — ( — N — ) — " — T — next — a 

multiplier — 530 — the product of the signal weight AH and delayed discrimination signal R (i) — 
taking — an output signal {AHR (i)} — outputting . However, the signal weight A in a **** 3 
operation gestalt is shown in a formula 26. In addition, an output signal {AHR (i)} packs the output 
signal of N individual, and is written. 
[0100] 

[Equation 26] An adder 520 adds the output signal {AHR (i)} of a multiplier 530, and request 
discrimination signal rO (i)' to an A=[a1 a2 — aP] T pan, and outputs an addition signal (r0(i)'+AHR 
(i)) to it. An adder 510 asks for error [ with addition signal (r0(i)'+AHR(i)) and inner product 
signal / of an adder 30 / WHX (i)' ] e (i). 

[0101] Here, to MMSE computing-element 40B, discrimination signal X (i)\ and delayed 
discrimination signal R (i) and error e (i) are inputted, and MMSE computing-element 40B 
updates the signal weight A while updating the antenna weight W like the above-mentioned 1st 
and 2nd operation gestalt so that error e (i) may be made small based on the SMI method of an 
MMSE method. Thereby, as inner product signal [ of an adder 300 ] WHX (i)\ the component 
except request discrimination signal rO (i)' (request known signal) and delayed discrimination 
signal R (i) (other known signals) becomes a repressed signal among discrimination signal X (i)'. 
Thereby, the same effectiveness is substantially acquired with the above-mentioned 1st and 2nd 
operation gestalt. 

[0102] In addition, at the above-mentioned 3rd operation gestalt, they are the delay preamble 
signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS). — Although the example which obtained 
delayed discrimination signal R (i) based on OF (t+p-tS) was explained, delayed discrimination 
signal R (i) may be obtained not only based on this but based on request discrimination signal rO 

[0103] (The 4th operation gestalt) Although the adaptive array antenna of an MMSE method 
explained the example which receives an OFDM signal with the above-mentioned 1-3rd 
operation gestalt, the adaptive array antenna of not only this but an MMSE method may be 
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applied to a CDMA communication link. The configuration in this case is shown in drawing 9 . 
[0104] The matched filter 100 and the RAKE composition machine 110 are added and 
constituted from drawing 9 by the circuit shown in drawing 3 . Furthermore, it replaces with the 
delay circuit 80 shown in drawing 3 , and delay circuit 80A is adopted. In drawing 9 , the same 
sign as the sign in drawing 1 shows the same object or a substantial same object, however — 
each — ANTENANA component 11 — 1M — an OFDM signal — replacing with — a CDMA signal 
— receiving — the receiving CDMA signal x1 (i) f x2 (i), and — xM (i) is outputted. 
[0105] Next, actuation of a **** 4 operation gestalt is explained with reference to drawing 1 0 . 
Hereafter, four antenna elements 11-14 are adopted, and the example to which antenna 
elements 11-14 output each is explained. A matched filter 100 performs correlation detection 
with the pilot signal (known signal) (i) rO from each and a generator 60 for the receiving CDMA 
signal x1 (i), x2 (0, x3 (i), and x4 (i) in juxtaposition. 

[0106] concrete — a matched filter 100 — the 1- it has the 4th matched filter section (not 
shown). The 1st matched filter section carries out correlation detection of the receiving CDMA 
signal x1 (i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 10 (a)), and 
the 2nd matched filter section considers correlation detection with a pilot signal rO (i) as 
receiving CDMA signal x2 (i), and outputs a correlation signal (refer to drawing 10 (b)). 
[0107] The 3rd matched filter section carries out correlation detection of the receiving CDMA 
signal x3 (i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 10 (c)), and 
the 4th matched filter section carries out correlation detection of the receiving CDMA signal x4 
(i) and a pilot signal rO (i), and outputs a correlation signal (refer to drawing 1 0 (d)). However, by 
drawing 10 (a) - (d), an axis of ordinate shows a correlation value, and an axis of abscissa shows 
time amount by it. 

[0108] here — a matched fitter 100 — the 1- the correlation signal from the 4th matched filter 
section is added, and the delay information on the basis of the time of the input of a pilot signal 
rO (i) and a (request signal) is acquired based on the addition result. This delay information shows 
the delay signal of a time delay shorter than desired time amount among receiving CDMA signal 
x1(i) -x4(i). The example shown in drawing 10 (e) shows the example of ** from which td1, td2, 
td3-td6 are obtained as delay information. Then, using the delay information td1-td6, delay 
circuit 80A outputs delay signal R (i) and (other known signals), as shown in drawing 1 0 (f). 
[0109] That is, delay circuit 80A is rO (t+td1), rO (t+td2), and rO (t+td2). — rO (t+td6) is 
outputted. For example, to a pilot signal rO (i), only the time delay td1 is delayed and, as for rO 
(t+td2), only the time delay td2 is delayed by rO (t+td1) to a pilot signal rO (i). As for rO (t+td6), 
only the time delay td6 is delayed to a pilot signal rO (i). Other actuation is substantially [ as the 
circuit shown in drawing 3 ] the same. 

[01 10] By the above, it is the receiving CDMA signal x1 (i) as an inner product signal WHX from 
an adder (sigma). — A repressed signal is acquired for the component except a pilot signal rO (i) 
(request signal) and its delay signals rO (t+td1)-r0 (t+td6) (other known signals) among xM(s) (i). 
And the RAKE composition machine 110 will perform a RAKE composition recovery using the 
inner product signal WHX concerned, if a signal required for a RAKE composition recovery is 
prepared here as delay signals rO (t+td1)~r0 (t+td6) — an oppression of a signal unnecessary for 
a RAKE composition recovery sake — null — a point can be formed. Therefore, useless 
consumption of the degree of freedom of the adaptive array antenna of an MMSE method can be 
held down like the above-mentioned 1st operation gestalt. 

[011 1] In addition, the adaptive array antenna of an MMSE method is applied to the 
communication link of a CDMA method, and although the example which acquires the delay 
information on the CDMA input signal X (i) with a matched filter 100 was shown, you may make it 
acquire the delay information on the receiving OFDM signal of not only this but the above- 
mentioned 1st and 2nd operation gestalt with a matched filter 100 in the above-mentioned 4th 
operation gestalt. 

[0112] (The 5th operation gestalt) Although the 2 above-mentioned operation gestalten 
explained the example which set up beforehand a request known signal and other known signal 

you may make it choose a request known signal and other known signals among delay 
signal R (i) not only according to this but according to the receiving OFDM signal X (i). 
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[01 13] The configuration in this case is shown in drawing 1 1 and drawing 12 . Drawing 1 1 shows 
the configuration of the adaptive array antenna of the MMSE method in a **** 5 operation 
gestalt. Drawing 1 2 shows the detail configuration of the request signal selection circuitry in 
drawing 1 1 (following and request signal selection circuitry 1 30). 

[01 1 4] As the adaptive array antenna of the MMSE method of a **** 5 operation gestalt is 
shown in drawin g 1 1 , the request signal selection circuitry 130 is added to the circuit shown in 
drawing 3 . In drawing 1 1 , the same sign which drawing 3 shows shows the same object or a real 
target the same object. 

[01 15] A delay circuit 90 receives the preamble signal rO from a generator 60 (i), and is the delay 
preamble signals OF (t+tS) and OF (t+2, tS). — OF (t+U-tS) is generated. However, U is the 
delay preamble signal [ as opposed to / are the natural number and / the preamble signal rO (i) ] 
OF (t+tS). — Each time delay of OF (t+U-tS) is short compared with the guard interval period 
TG of an OFDM signal. 

[0116] the receiving OFDM signal X (i) and delay preamble signal OF(t+tS) —OF (t+U-tS) input 
into the request signal selection circuitry 1 30 — having — the request signal selection circuitry 
130 — the receiving OFDM signal X (i) — responding — delay preamble signal OF(t+tS) — 
request known signal rO (i)' and delay signal R (i) are chosen among OF(s) (t+U-tS). 
[01 17] Specifically, the request signal selection circuitry 130 consists of Correlators 131a-131c, 
132a-132c, 133a-133c, 134a-134c, adders (sigma) 135a-135c, a maximum judging machine 136, 
and a selection circuitry 1 37, as shown in drawing 1 2 . 

[01 18] Next, actuation of a **** 5 operation gestalt is explained with reference to drawing 12 . 
The example which adopted only four antenna elements called antenna elements 11-14, and 
adopted three delay preamble signals of the delay preamble signals OF (t+tS), OF (t+2, tS), and 
OF (t+3, tS) hereafter is explained. First, antenna elements 11-14 output the receiving OFDM 
signal x1 (i), x2 (i), x3 (i), and x4 (i), respectively. 

[0119] Next, correlator 131a performs correlation detection of the delay preamble signal OF 
(t+tS) and the receiving OFDM signal x1 (i), and correlator 132a performs correlation detection 
of the delay preamble signal OF (t+tS) and receiving OFDM signal x2 (i). Correlator 133a 
performs correlation detection of the delay preamble signal OF (t+tS) and the receiving OFDM 
signal x3 (i), and correlator 134a performs correlation detection of the delay preamble signal OF 
(t+tS) and the receiving OFDM signal x4 (i). 

[0120] Adder 135a adds the correlation detecting signal from each of Correlators 131a, 132a, 
1 33a, and 1 34a, and outputs an addition signal. Here, the addition signal of adder 1 35a shows 
correlation with the delay preamble signal OF (t+tS), the receiving OFDM signal x1 (i), x2 (i), x3 
(i), and x4 (i). 

[0121] Next, correlator 131b performs correlation detection of the delay preamble signal OF (t+2, 
tS) and the receiving OFDM signal x1 (i), and correlator 132b performs correlation detection of 
the delay preamble signal OF (t+2, tS) and receiving OFDM signal x2 (i). Correlator 133b 
performs correlation detection of the delay preamble signal OF (t+2, tS) and the receiving OFDM 
signal x3 (i), and correlator 134b performs correlation detection of the delay preamble signal OF 
(t+2, tS) and the receiving OFDM signal x4 (i). 

[0122] Adder 135b adds the correlation detecting signal from each of Correlators 131b, 132b, 
133b, and 134b, and outputs an addition signal. The addition signal of adder 135b shows 
correlation with the delay preamble signal OF (t+2, tS), the receiving OFDM signal x1 (i), x2 (i), x3 
(i), and x4 (i). 

[0123] Next, correlator 131c performs correlation detection of the delay preamble signal OF (t+3, 
tS) and the receiving OFDM signal x1 (i), and correlator 132c performs correlation detection of 
the delay preamble signal OF (t+3, tS) and receiving OFDM signal x2 (i). Correlator 133c 
performs correlation detection of the delay preamble signal OF (t+3, tS) and the receiving OFDM 
signal x3 (i), and correlator 1 34c performs correlation detection of the delay preamble signal OF 
(t+3, tS) and the receiving OFDM signal x4 (i). 

[0124] Adder 135c adds the correlation detecting signal from each of Correlators 131c, 132c, 
133c, and 134c, and outputs an addition signal. The addition signal of adder 135c shows 
correlation with the delay preamble signal OF (t+3, tS), the receiving OFDM signal x1 (i), x2 (i), x3 



http://www4.ipdl. inpit.gojp/cgi-bin/tranjweb_cgi_ejje 



2007/09/14 



JP,2002-359513,A [MEANS] 



14/25 v 



(i), and x4 (i). 

[0125] Next, the maximum judging machine 136 judges the addition signal (henceforth a maximum 
addition signal) which serves as maximum among each addition signal from Adders 135a-135c, 
and outputs the maximum recognition signal which shows this maximum addition signal to a 
selection circuitry 137. Among the delay preamble signals OF (t+tS), OF (t+2, tS), and OF (t+3, 
tS), a selection circuitry 1 37 chooses the delay preamble signal corresponding to a maximum 
recognition signal as request known signal rG)', and outputs it. Furthermore, a selection circuitry 
137 outputs two delay preamble signals except the delay preamble signal corresponding to a 
maximum recognition signal as other known signals R (i) among the delay preamble signals OF 
(t+tS), OF (t+2, tS), and OF (t+3, tS). Other actuation is substantially [ as the above-mentioned 
2nd operation gestalt ] the same. 

[0126] In addition, in the above-mentioned 5th operation gestalt, although the example which 
adopted four antenna elements 11-14 was explained, if the number of not only this but an 
antenna element is two or more pieces, it is good without limit. Furthermore, although the 
above-mentioned 5th operation gestalt explained per [ which adopted three delay preamble 
signals OF (t+tS), OF (t+2, tS), and OF (t+3, tS) ] example, any number of numbers of not only 
this but a delay preamble signal are good. 

[0127] In addition, as correlator shown in a **** 5 operation gestalt, various correlators, such as 
slide correlator and a matched filter, may be applied in operation of this invention. 
[0128] (The 6th operation gestalt) With a **** 6 operation gestalt, the circuit where the 
equalizing circuit (henceforth an equalizing circuit 120) was added is adopted as the circuit of 
the above-mentioned 2nd operation gestalt, by the equalizing circuit 120, others and a known 
signal are oppressed among the inner product signals WHX of an adder 30 (i), and the repressed 
signal is outputted as an output signal. The configuration in this case is shown in drawing 1 3 and 
drawing 14 . 

[0129] Draw ing 13 is drawing showing the configuration of the adaptive array antenna of the 
MMSE method of a **** 6 operation gestalt. Drawing 14 shows the detail configuration of the 
equalizing circuit 120 in drawing 13 . In drawing 1 3 , the same sign in drawing 3 shows the same 
object or a real target the same object. 

[0130] With the **** 6 operation gestalt, the adaptive array antenna of an MMSE method is 
applied to the QPSK communication mode instead of an OFDM communication mode. For this 
reason, antenna elements 11-1M receive a QPSK signal (pilot signal). 

[0131] Therefore, antenna elements 1 1—1 M are replaced with the receiving OFDM signal X (i), 
and output the receiving QPSK signal X (i), respectively. Moreover, the generating circuit 60 
outputs the pilot signal rO of a QPSK signal (0 as a request known signal, and a delay circuit 90 
outputs delay pilot signal R (i) for which only the request period was delayed to the pilot signal rO 
of a QPSK signal (i) as other known signals. MMSE computing-element 40A updates the antenna 
weight WH and the signal weight AH similarly substantially with the above-mentioned 2nd 
operation gestalt. Moreover, the component excluding [ an adder (sigma) 30 ] the both sides of a 
request pilot signal (request known signal) and its delay pilot signal (other known signals) among 
the receiving QPSK signals X (i) outputs a repressed signal as an inner product signal WHX. 
Moreover, the equalizing circuit 120 consists of delay machines (Z-1) 121-124, multipliers 125- 
128, and adders 129 and 130, as shown in drawing 14 . Next, actuation of the equalizing circuit 
1 20 of a **** 6 operation gestalt is explained with reference to drawin g 14 and drawing 15 . 
[0132] Hereafter, as shown in drawing 1 5 (a), the example as which total with request pilot signal 
QP1 and the delay pilot signals QP2-QP5 was adopted is explained as an inner product signal 
WHX of an adder (sigma) 30. 

[0133] Since four delay pilot signals of the delay pilot signals QP2-QP5 are adopted here, the 
signal weight (henceforth signal weight A (G)) of MMSE computing-element 40A in a **** 6 
operation gestalt can be expressed with a formula 27. G is sampling timing (updating timing) 
(G=t1, t2, t3 — ). Moreover, drawing 1 5 (b) shows the output of the delay machines 121-124 in 
timing t1 -t5. 
[0134] 

[Equation 27] A(G) = — "— a1 [ ] (G) — a2 [ ] (G) — a3 (G) — a4 (G) — ] — T — the QPSK 
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symbol ZA shown in drawing 1 5 (a) is first inputted into the delay machine 121 through an adder 
130 to timing t1. That is, an equalizing circuit 120 can output the QPSK symbol ZA to timing t1. 
[0135] Next, to timing t2, as shown in drawing 15 (b), the delay machine 121 outputs the QPSK 
symbol ZA to the delay machine 122 while outputting the QPSK symbol ZA to a multiplier 127. 
Then, a multiplier 128 carries out the multiplication of signal weight a1(t2) * to the QPSK symbol 
ZA, and outputs a multiplication signal (a1(t2) *ZA) to an adder 129. 

[0136] Here, as the above-mentioned 1st operation gestalt described, signal weight a1(t2) * 
(signal weight AH) is called for so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZA1 {delay signal R (i)} on the basis 
of the QPSK symbol ZA {the preamble signal rO (i)}. For this reason, a multiplication signal (a1(t2) 
*ZA) becomes equal to the QPSK symbol ZA1 (ZA1=a1(t2) *ZA). 

[0137] Thereby, a multiplier 128 can output the multiplication signal ZA1 to an adder 130 through 
an adder 129. Moreover, the QPSK symbols ZB and ZA1 are inputted into an adder 130 as an 
inner product signal WHX of an adder (sigma) 30. An adder 1 30 outputs a differential signal (= 
ZB) to the delay machine 121 in quest of the difference of the QPSK symbols ZB and ZA1 and 
the multiplication signal ZA1. That is, an equalizing circuit 120 can output the QPSK symbol ZB 
to timing t2. 

[0138] Next, to timing t3, the delay machine 122 outputs the QPSK symbol ZA to the delay 
machine 123 while outputting the QPSK symbol ZA to a multiplier 127, as shown in drawing 15 
(b). Then, a multiplier 127 carries out the multiplication of signal weight a2(t3) * to the QPSK 
symbol ZA, and outputs a multiplication signal (a2(t3) *ZA) to an adder 129. 
[0139] Here, as the above-mentioned 1st operation gestalt described, signal weight a2(t3) *ZA 
(signal weight AH) is calculated so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZA2 {delay signal R (i)} on the basis 
of the QPSK symbol ZA {the preamble signal rO (i)}. For this reason, a multiplication signal (a2(t3) 
*ZA) becomes equal to the QPSK symbol ZA2 (ZA2=a2(t3) *ZA). Therefore, a multiplier 1 27 
outputs the QPSK symbol ZA2 to an adder 129. 

[0140] Moreover, the delay machine 121 outputs the QPSK symbol ZB to the delay machine 122 
while outputting the QPSK symbol ZB to a multiplier 128, as shown in drawing 1 5 (b). A multiplier 
128 carries out the multiplication of signal weight a1(t3) * to the QPSK symbol ZB, and outputs 
a multiplication signal (a1(t3) *ZB) to an adder 129. 

[0141] Here, as the above-mentioned 1st operation gestalt described, signal weight a1(t3) * 
(signal weight AH) is called for so that MMSE computing-element 40A may show the phase 
contrast and the amplitude difference of the QPSK symbol ZB1 {delay signal R (i)} on the basis 
of the QPSK symbol ZB {the preamble signal rO (i)}. 

[0142] Therefore, a multiplication signal (a1(t3) *ZB) becomes equal to the QPSK symbol ZB1 
(ZB1=a1(t3) *ZB). Therefore, a multiplier 127 can output the multiplication signal ZB1 to an 
adder 1 29. 

[0143] Here, an adder 129 adds the multiplication signal ZB1 of a multiplier 127, and the QPSK 
symbol ZA2 of an adder 129, and outputs an addition signal (ZB1+ZA2) to an adder 130. The 
QPSK symbols ZC, ZB1, and ZA2 are inputted into an adder 130 as an inner product signal WHX 
of an adder (sigma) 30, and an adder 130 asks for the difference of the QPSK symbols ZC, ZB1, 
and ZA2 and an addition signal (ZB1+ZA2), and outputs a differential signal ZC to the delay 
machine 121. 

[0144] That is, an equalizing circuit 120 can output the QPSK symbol ZC to timing t3. Hereafter, 
an equalizing circuit 120 operates similarly substantially with above-mentioned actuation, by 
timing t4, outputs the QPSK symbol ZD and outputs the QPSK symbol ZE to timing t5. 
[0145] By the above, an equalizing circuit 120 can output only QPSK symbol ZA-ZD like If 
it puts in another way, as an inner product signal WHX of an adder (sigma) 30, total with request 
pilot signal QP1 and the delay pilot signals QP2-QP5 will be inputted into an equalizing circuit 
120, it will oppress the delay pilot signals QP2-QP5, and will output only request pilot signal QP1. 

[0146] In addition, although the above-mentioned 6th operation gestalt explained the example 
which applied the adaptive array antenna of an MMSE method to the QPSK communication 
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mode, you may apply not only to this but to an OFDM communication mode. 
[0147] Furthermore, it is in charge of operation of this invention, and various communication 
modes may be adopted in addition to an OFDM communication mode, a CDMA communication 
mode, the communication mode using a QPSK modulation, etc. 

[0148] In addition, although the 1st - the 6th operation gestalt explained the example which 
adopted the SMI algorithm of an MMSE method with the MMSE computing elements 40A and 
40B, other algorithms may be adopted as long as it is an MMSE method. 

[0149] When an interference wave comes from the same direction as a request signal in the (7th 
operation gestalt) and time in the adaptive array antenna of the MMSE method stated with the 
above-mentioned 1st operation gestalt, there is a problem that the interference wave cannot be 
oppressed, namely, in the adaptive array antenna of the MMSE method stated with the above- 
mentioned 1st operation gestalt Although the component except the preamble signal rO (i) and 
delay signal R (i) becomes a repressed signal among the receiving OFDM signals X (i), the inner 
product signal WHX of an adder 30 When a delay-GI outside signal (interference wave) comes 
from the same direction as the preamble signal rO (i), the GI delay signal can be controlled. 
[0150] It is well-known to oppress without distinguishing the request signal and interference 
wave which are contained in it in an incoming wave component in the adaptive array antenna of 
the conventional PI method. Then, in a **** 7 operation gestalt, it explains per [ oppresses the 
interference wave which accomplished paying attention to the adaptive array antenna of the 
conventional PI method, and prevents oppression of the both sides of a request wave and the 
delay signal in GI, and comes from the same direction as a request signal and it is made to raise 
the communication link engine performance ] example. The configuration in this case is shown in 
drawing 16 . 

[0151] The adaptive array antenna of PI method is antenna elements 11-14 and a multiplier 21. - 
- It consists of 2M, an adder (sigma) 30, the PI computing element 41, adder 51 A, multiplier 53A, 
and delay circuit 80A. In drawin g 1 6 , the same sign as the sign in draw ing 1 shows the same 
object or a substantial same object. 

[0152] Delay circuit 80A outputs this preamble signal rO (i) and delay signal R (i) in response to 
the preamble signal rO (i) stated with the above-mentioned 1st operation gestalt. Hereafter, the 
output signal of delay circuit 80A is called output signal R(i)\ 

[0153] However, like ****, the time delay of delay signal R (i) to a preamble signal is short 
compared with the period TG of the guard interval GI of an OFDM symbol, and sets the number 
(sample point size) of delay signal R (i) to 1 6. 

[0154] Multiplier 53A carries out the multiplication of the signal weight AH to output signal R(i)\ 
and searches for a multiplication signal (AHR(i)'}. Adder 51 A adds a multiplication signal {AHR(i)'} 
and the inner product signal WHX of an adder 30 (i), and asks for an addition reference sign 
(WHX(i)+AHR(i)'X 

[0155] Addition reference-sign (WHX(i)+AHR(i)') and output signal R(i)' and the receiving OFDM 
signal X (i) are inputted into the PI computing element 41, and the PI computing element 41 
updates the antenna weight W and the signal weight A so that power |WHX(i)+AHR(i)'|2 of an 
addition reference sign may be made into min. At this time, the signal weight A turns into weight 
which negates output signal R(i)' among the signal components contained in the inner product 
signal WHX (i), and the antenna weight W turns into weight which makes min power of the 
interference wave component contained in the receiving OFDM signal X (i). 
[0156] If it puts in another way, the PI computing element 41 will update the antenna weight W 
and the signal weight A so that power of the component except output signal R(i)' may be made 
into min among the power (WHX(i)+AHR(i)') of an addition reference sign. 

[0157] In draw ing 17 , the result of a simulation when a request signal and a delay-GI outside 
signal come from the same is shown. In drawing 1 7 , when the 1 st - the 5th wave come, the 
directivity after actuation of the adaptive array antenna of the adaptive array antenna of PI 
method and an MMSE method is shown. The receiving include angle [deg] of the received [ a 
right longitudinal shaft ] electric wave on the basis of the adaptive array antenna of an MMSE 
method and a left-vertical shaft are the receiving include angles [deg] of the received electric 
wave on the basis of the adaptive array antenna of PI method. An axis of abscissa is an 
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oppression ratio (dB). 

[0158] In drawing 17 , since antenna gain differs, it expresses with the adaptive array antenna of 
an MMSE method, and the adaptive array antenna of PI method that the gain of the direction of 
delay ****** in GI becomes the same. 

[0159] Here, the chain line shows the result of the simulation which used the adaptive array 
antenna of an MMSE method. A continuous line shows the result of the simulation which used 
the adaptive array antenna of PI method. Although the delay-GI outside signal of the same 
direction as a request signal is not oppressed in the adaptive array antenna of an MMSE method 
so that drawing 17 may show, the delay-GI outside signal of the same direction as a request 
signal is oppressed in the adaptive array antenna of PI method. 

[0160] (The 8th operation gestalt) With the **** 8 operation gestalt, as shown in drawing 18 , 
low pass filters 420-425 are added to the configuration which the above-mentioned 7th 
operation gestalt shows. In drawing 1 8 , low pass filters 420-424 search for the OFDM signal 
signal of a narrow-band based on the receiving OFDM signal X (i). 

[0161] Low pass filters 420-424 output a narrow-band OFDM signal signal by taking out only the 
component (referring to drawing 19 ) of the predetermined frequency band among the receiving 
OFDM signals X (i). That is, the OFDM signal signal of a narrow-band turns into a signal which 
narrowed the frequency band of the receiving OFDM signal X (i). 

[0162] A low pass filter 425 searches for a narrow-band preamble signal based on the preamble 
signal rO (i). that is, the low pass filter 425 — the preamble signal rO (i) — a narrow-band 
preamble signal is outputted by taking out only the component of the predetermined frequency 
band inside. 

[0163] In connection with this, delay circuit 80A searches for the delay signal of U ( drawing 19 
8) individual which has a different time delay to a narrow-band preamble signal, and outputs the 
both sides of this delay signal and a narrow-band preamble signal as output signal R(i)'. However, 
the time delay of the delay signal over a preamble signal is short like **** compared with the 
period TG of the guard interval GI of an OFDM symbol. 

[0164] Here, among output signal R(i)\ the number of adoption of a delay signal (sample point) 
can be reduced, if it is decided by the frequency band of the receiving OFDM signal X (i) and the 
frequency band is narrowed. 

[0165] then — **** — eight — operation — a gestalt — PI — a computing element — 41 — 
an antenna — weight — W — and — a signal — weight — A — updating — hitting — OFDM — 
a signal — a signal — replacing with — a narrow-band — OFDM — a signal — a signal — 
adopting — a preamble — a signal — having been based — an output signal — R — ( — i — ) — 
1 — replacing with — a narrow-band — a preamble — a signal — having been based — an 
output signal — R — ( — i — ) — ' — adopting . For this reason, not to mention reducing the 
number of adoption of R (i), it becomes possible about the antenna weight W and the signal 
weight A to reduce the count of updating, and the computational complexity of renewal of weight 
can be reduced. 

[0166] (The 9th operation gestalt) Although the above-mentioned 3rd operation gestalt explained 
the adaptive array antenna of the MMSE method which adopted the pudding AMBURU signal of 
an OFDM signal as a signal on a time-axis, a **** 9 operation gestalt explains per adaptive array 
antenna of PI method which adopted each discrimination signal which carried out FFT processing 
(frequency judgment) of the pudding bull signal of not only this but an OFDM signal. The 
configuration in this case is shown in drawing 20 . 

[0167] The adaptive array antenna of PI method consists of antenna elements 11-14, a multiplier 
201 — 204, an adder (sigma) 300, the FFT circuits 801-804, the FFT circuit 834, the PI computing 
element 42, adder 51 OA, multiplier 530A, and delay circuit 80A. In drawing 20 , the same sign as 
the sign in drawing 5 shows the same object. 

[0168] As the above-mentioned 8th operation gestalt described, delay circuit 80A combines the 
preamble signal rO (i) and delay signal R (i), and outputs them as output signal R(i)\ The FFT 
circuit 834 samples each effective symbol of the preamble signal rO (i) and delay signal R (i) with 
a sampling period tS in juxtaposition, carries out FFT processing by the sampling signal, and 
outputs the discrimination signal RFT (i). 
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[0169] Multiplier 530A carries out the multiplication of the signal weight AH to the discrimination 
signal RFT (i), and searches for a multiplication signal {AHRFT (i)}. Adder 51 OA adds 
multiplication signal {AHRFT (i)} and inner product signal [ of an adder 300 ] WHX (i)\ and asks 
for an addition reference sign (WHX(i)'+AHRFT (i)). 

[01 70] Discrimination signal X (i)\ and an addition reference sign (WHX (i) '+AHRFT (i)0 and the 
discrimination signal RFT (i) are inputted into the PI computing element 42, and the PI computing 
element 42 updates the antenna weight W and the signal weight A so that power |WHX 
(i)'+AHRFT(i)i2 of an addition reference sign may be made into min. At this time, the signal 
weight A turns into weight which negates the discrimination signal RFT (i) among the signal 
components contained in inner product signal WHX (i)\ and the antenna weight W turns into 
weight which makes min power of the interference wave component contained in discrimination 
signal X (i)\ 

[01 71] If it puts in another way, the PI computing element 42 will update the antenna weight W 
and the signal weight A so that power of the component except the discrimination signal RFT (i) 
may be made into min among addition reference signs (WHX (i) '+AHRFT (i)'). 
(The 10th operation gestalt) The adaptive array antenna of the SMI method in a **** 10 
operation gestalt consists of antenna elements 1 1 and 1 2, a generator 60, the FFT circuits 83, 
801, and 802, multipliers 201 and 202, an adder (sigma) 300, the phase revolution machine 1000, 
correlator 1010, a selection circuitry 1020, and a computing element 1030, as shown in drawing 

21- 

[0172] A computing element 1030 has the matrix-of-correlation presumption machine 1031, the 
inverse-matrix computing element 1032, the correlation vector presumption machine 1033, and 
the matrix multiplication machine 1034. In addition, in drawing 21 , the same sign in drawing 1 and 
drawing 2 shows the same object. 

[0173] First, FFT processing of the pudding AMBURU signal of the receiving OFDM signal x1 (i) 
received by the antenna element 11 is carried out in the FFT circuit 801, and the discrimination 
signal ft1 (1), ft1 (2), ft1 (3), and ft1 (4) are calculated for every frequency. Moreover, FFT 
processing of the receiving OFDM signal x2 (i) received by the antenna element 12 is carried out 
in the FFT circuit 802, and the discrimination signal ft2 (1), ft2 (2), ft2 (3), and ft2 (4) are 
calculated for every frequency. In addition, the figure 1 — 4 in the parenthesis of a discrimination 
signal shows the point size of FFT. 

[0174] Here, the vector notation of receiving OFDM signal x1(i) x2(i) discrimination signal ft1(1) - 

ft1 (3) and the discrimination signal ft2(1) -ft2 (3) is carried out as follows. 

[0175] 

[Equation 28] X(i) = [x1(i) x2 (i)] T [0176] 

[Equation 29] FT1 (i) = [ftKD ft1(2) ft1 (3)] T [0177] 

[Equation 30] The FT2(i) =[ft2(1) ft2(2) ft2 (3)] T multiplier 201 asks for the matrix product 
(w1*FT1 (0) of antenna weight w1* and FT1 (i), and a multiplier 202 asks for the matrix product 
(w2*FT2 0)) of antenna weight w2* and FT2 (i). 

[0178] Next, an adder (sigma) 300 adds the matrix product (w1*FT1 (Q) by multipliers 201 and 
202, and (w2*FT2 (i)) for every frequency, namely, — a matrix — a product (w1*FTl (0) — ( — 
w — two — * — FT — two — ( — i — ) — ) — an antenna — weight — w — one — * — w — 
two — * — a formula — 31 — 32 — like — a vector — a notation — carrying out — if — an 
adder (sigma) — 300 — an antenna — weight — W — discrimination — a signal — X — ( — i — 
) — 1 — an inner product — being shown — an inner product — a signal — WHX — ( — i — ) — 
' — asking — having . Moreover, as shown in a formula 33, the vector notation of inner product 
signal WHX (i)' is carried out. 
[0179] 

[Equation 31] 

X(i)'= [FTKD FT2 (i)] T [0180] 
[Equation 32] W= [w1 w2] T [0181] 

[Equation 33] WHX(i)'= [w1*ft1(1)+w2*ft2(D w1*ft1(2)+w2*ft2(2) w1*ft1(3)+w2*ft2 (3)] T, next a 
generator 60 as a request known signal Generating the preamble signal rO of an OFDM signal (i), 
this preamble signal rO (i) is a signal with which two or more pilot symbols (known signal) were 
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arranged on the frequency shaft. Moreover, the FFT circuit 83 carries out FFT processing of the 
preamble signal rO of an OFDM signal (i), and calculates the request discrimination signal rf1 (1), 
rf 1 (2), and rf1 (3) for every frequency. 

[0182] Next, only four sorts of amounts of phases (Odegreetheta**, 2theta** 3theta**) carry out 
revolution processing of the request discrimination signal rf1 (1), and the phase revolution 
machine 1000 outputs these request discrimination signals rf1 (1 theta), rf1 (1 2theta), and rf1 (1 
3theta) by which revolution processing was carried out, and the request discrimination signal rf 1 
(1). 

[0183] Furthermore, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 
3theta**) carry out revolution processing of the request discrimination signal rf1 (2), and the 
phase revolution machine 1000 outputs these request discrimination signals rfl (2 theta), rf1 (2 
2theta), and rf1 (2 3theta) by which revolution processing was carried out, and the request 
discrimination signal rf1 (2). 

[0184] Moreover, only four sorts of amounts of phases (Odegreetheta**, 2theta** 3theta**) 
carry out revolution processing of the request discrimination signal rf1 (3), and the phase 
revolution machine 1000 outputs these request discrimination signals rf1 (3 theta), rf1 (3 2theta), 
and rf1 (3 3theta) by which revolution processing was carried out, and the request discrimination 
signal rfl (3). 

[0185] Here, request discrimination signal rf1(1) -rfl (1 3theta), rf1(2) -rfl (2 3theta), and rf1(3) 

-rfl (3 3theta) are calculated as shown in a formula 34. 

[0186] 

[Equation 34] 

rfi(1) 0 0 
O rfi<2) 0 
O O rfi(3) 

[0187] However, the amount of phases which shows Ctf in a formula 35, the number t indicates 
the amount of phases to be, and f are numbers which show a frequency. Moreover, they are 
C11=C12=C13, C21=C22=C23, and C31=C32=C33 with a formula 35. 
[0188] 

[Equation 35] Ctf=exp l-2plHrD - (t-1)/3} 

Here, the output signal of the phase revolution machine 1000 is equivalent to what combined the 
output signal of the FFT circuit 84 and the output signal of the FFT circuit 83 which are shown 
in drawing 5 . That is, the FFT circuit 84 generates a time delay shorter than the guard interval 
period TG to the preamble signal rO (i) with the phase revolution machine 1000, and plays a role 
equivalent to carrying out FFT processing of this generated time delay. 

[0189] Next, correlator 1010 calculates the correlation value K of the request processing signal 
BS and discrimination signal X (i)'. In addition, the correlation value K is calculated by the matrix 
product (BSxX (i) ') of the request processing signal BS and discrimination signal X (i)\ 
[0190] Based on the correlation value K, as for a selection circuitry 1020, the request processing 
signal BSmax with the largest correlation with discrimination signal X (i)' among the request 
processing signals BS is searched for for every frequency. 

[0191] For example, the vector notation of the correlation value K is carried out like a formula 
36. The number t indicates the amount of phases to be in the correlation value ktf, and f are 
numbers which show a frequency among a formula 36. 
[0192] 

[Equation 36] 

Kn K12 

Kzi K22 
K ~ K31 K32 

K41 K42 



BS= 



C11 


Cl2 


Cl3 


C21 


C22 


C23 


C31 


C32 


C33 


C41 


Caz 


C43 
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[0193] First, a selection circuitry 1020 adds the square value (**ktf** 2) of an absolute value for 
every amount of phases respectively, and searches for the matrix KG which shows in a formula 
37 while it calculates each absolute value of the correlation value ktf and calculates the square 
value (#*ktf** 2) of each absolute value. 
[0194] 

[Equation 37] 



KG— 



|K,,p + |K«f 

|K2lj 2 + |K22| 2 
|K3l| 2 + |K3 2 | 2 

IM 2 + |M 2 



[0195] Next, a selection circuitry 1020 searches for the request discrimination signal (henceforth 

the request discrimination signal MX) corresponding to the amount of phases of maximum for 

every frequency among Matrices BS while calculating maximum among Matrices KG. 

[0196] Here, it is the request discrimination signal rfl (1). — rf1 (2) — The vector notation of 

the matrix BS which shows rf1 (3 3theta) is carried out like a formula 38. 

[0197] 

[Equation 38] 

~rfi<1) rfi(2) rfi(3) 

rfi(1 8) rfi<2 0) rfi(3 8) 
rfi(1 20) rfi(2 20) rfi(3 20) 
rfi(1 36) rfi{2 38) rfi(3 39) 



BS= 



[01 98] as the maximum of for example, the matrix KG — [ — the time of ** k21 ** 2+ ** k22 ** 
2] being chosen — the inside of a formula 38 — as the request discrimination signal MX for 
every frequency (i) — [ — rf1 (12theta) rf1 (2 2theta) and rf1(3 2theta)] are chosen. 
Furthermore, as request discrimination signals other than the request discrimination signal MX 
for every frequency (i) are shown in a formula 39 among formulas 38, it considers as the request 
processing signal BA. However, the request processing signal BA of a formula 39 shows an 
example as which [rf1 (1 2theta) rf1 (2 2theta) and rf1(3 2theta)] were chosen as a request 
discrimination signal MX (i). 
[01 99] 

[Equation 39] 

rfi(1) rfi (2) rfi (3) 

BA= rfi<1 8) rfi<2 8) rfi (3 8) 
rfi(1 30) rfi(2 30) rfi(3 30) 

[0200] In addition, hereafter, in order to give explanation simply, as shown in a formula 40, the 
vector notation of the request processing signal BA (i) is carried out, and as shown in a formula 
41, the vector notation of the request discrimination signal MX (i) is carried out. The number t 
indicates the amount of phases to be in the correlation value batf, and f are numbers which show 
a frequency among a formula 40. In mxt, t is a number which shows the amount of phases among 
a formula 41. 
[0201] 

[Equation 40] 

"band) ba 21 (f) ba 31 (i)~ 



B A ( i ) = 



ba 12 ( i ) 
ba 13 (i) 



baszCi) 

ba 2 3 ( i ) 



ba32 ( i ) 
ba33< i ) 



[0202] 
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[Equation 41] 

MX(i)= [mx! mx 2 rmsj 



[0203] In addition, hereafter, as shown in a formula 42, the vector notation of discrimination 
signal X (i)' is carried out. However, M of ftMf in a formula 42 shows the number of an antenna 
element with the natural number, and f shows a frequency. 
[0204] 

[Equation 42] 

ft 12 (i) ft t3l 

ft22(f> ftjgl 



X( i ) 



uon 

, = fftii(i) 

Lf*2l0) 



,(i)J 



[0205] Next, the matrix-of-correlation presumption machine 1031 combines discrimination signal 
X (i)' and the request processing signal BA, and it asks for the instant input matrices RXMXM1, 
RXMXM2, and RXMXM3 in each time of day in Matrix XM with a formula 44, a formula 45, and a 
formula 46 while it generates the matrix XM shown in a formula 43. Based on a formula 47, the 
instant input matrices RXMXM1, RXMXM2, and RXMXM3 are equalized, and the estimate 
RXMXM of a matrix of correlation is calculated. 
[0206] 

[Equation 43] 
XM( i ) 



_ rx'(i)i = 

|BA(i)J 



ftn(i) 
ft 21 (i) 
ban(i) 
baia( i ) 
ba 13 (i) 



ft 12 (i) 

ftzzCi) 
ba z1 ( i ) 

b&2z( » ) 
ba 23 ( i ) 



fti 3 (i) 

ba 3 i(i) 
ba32( i ) 
>0) 



[0207] 

[Equation 44] RXMXM1=XM(1) and XM (1) H [0208] 
[Equation 45] RXMXM2=XM(2) and XM (2) H [0209] 
[Equation 46] RXMXM3=XM(3) and XM (3) H [0210] 
[Equation 47] 

RXMXM= (RXMXM 1+RXMXM2+RXMXM3)/3, next the inverse-matrix computing element 1032 
calculate inverse-matrix RXMXM-1 of the estimate RXMXM of a matrix of correlation. Moreover, 
the correlation vector presumption machine 1033 searches for discrimination signal X (0* and the 
instant correlation vectors [ in / as shown in a formula 48, a formula 49, and a formula 50 using 
the request discrimination signal MX and the request discrimination signal BA / each time of 
day ] rxmbl, rxmb2, and rxmb3. 

[0211] Next, based on a formula 51, the correlation vector presumption machine 1033 equalizes 
the instant correlation vectors rxmbl, rxmb2, and rxmb3 on a frequency, and calculates the 
correlation vector estimate rxmb. 
[0212] 

[Equation 48] rxmbl =XM(1) and MX (1) H [0213] 
[Equation 49] rxmb2=XM(2) and MX (2) H [0214] 
[Equation 50] rxmb3=XM(3) and MX (3) H [0215] 

[Equation 51] It outputs "w1* w2*" to multipliers 201 and 202 among the multiplication results Z 
at it, respectively while matrix multiplication of the matrix multiplication machine 1034 is carried 
out to the rxmb= (rxmbl +rxmb2+rxmb3) / 3 last and it asks it for the multiplication result Z with 
the estimate RXMXM of a matrix of correlation, and the correlation vector estimate rxmb, as 
shown in a formula 52. In addition, the inside of a formula 51, -a1 - a2 - a3 -a4 are the signal 
weight stated to the above-mentioned 3rd operation gestalt. 
[0216] 

[Formula 52] 
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It can Z=[w1* w2*-a1 -a2 ~a3 ~a4] T Come, and are alike. More multipliers 201 and 202 It asks 
for a matrix product (w1*FT1 (i)) and a matrix product (w2*FT2 (i)), respectively, and by the 
adder (sigma) 300, a matrix product (w1*FT1 (0) and (w2*FT2 (0) are added for every frequency, 
and inner product signal WHX (i)' is called for. 

[0217] The antenna weight w1 and w2 are updated so that the component except the request 
processing signal BA and the request discrimination signal MX may be oppressed among inner 
product signal WHX (i)' here. This prevents oppression with the request processing signal BA and 
the request discrimination signal MX without the need for oppression, and as substantially as the 
above-mentioned 1st and 2nd operation gestalt, since the signal component which originally has 
the need for oppression similarly can be oppressed, the Nur point can be formed in an effective 
target. Therefore, useless consumption of the degree of freedom of the adaptive array antenna 
of an SMI method can be held down. 

[0218] For example, as shown in [ alpha ] drawing 22 , directivity can be formed by antenna 
elements 11 and 12. 

[0219] That is, delay-GI outside signals other than the request processing signals BA and MX 
are oppressed among inner product signal WHX (i)', without oppressing the request discrimination 
signal MX. However, if a delay-GI outside signal and the request processing signal BA are 
received from the same, both a delay-GI outside signal and the request processing signal BA will 
be oppressed. Thus, among inner product signal WHX (i)\ although the request discrimination 
signal MX is not oppressed and is left behind, the request processing signal BA may be 
oppressed depending on a receive direction. 

[0220] Furthermore, the component of the request discrimination signal MX is left behind at least 
among inner product signal WHX (i) F by the antenna weight w1 and renewal of w2, and it is 
obtained. Here, since correlation with discrimination signal X (i)' is the largest signal among the 
request processing signals BS like a signal with big receiving level can acquire the request 

discrimination signal MX as a component of the request discrimination signal MX among 
discrimination signal X (i)' by leaving behind the component of the request discrimination signal 
MX. Therefore, it can restore to the component of the request discrimination signal MX good. 
[0221] In the above-mentioned 1 1th operation gestalt, the FFT circuits 801 and 802 are adopted 
and adaptive AREANTENA of an SMI method is constituted. In addition, the FFT circuits 801 and 
802 Although explained per [ which carries out FFT processing of the receiving OFDM signal x1 
(i), and asks for the antenna weight w1 and w2 based on the signal on this frequency shaft by 
which FFT processing was carried out, respectively ] example, you may make it be not only this 
but the following. 

[0222] That is, without adopting the FFT circuits 801 and 802, adaptive AREANTENA of an SMI 
method is constituted, the receiving OFDM signal x1 (i) is replaced with the signal on the 
frequency shaft which carried out FFT processing, the receiving OFDM signal x1 on a time-axis 
(i) is adopted, and you may make it ask for the receiving OFDM signal x1(i) antenna weight w1 
and w2 on a time-axis. 

(The 11th operation gestalt) With the **** 11 operation gestalt, as shown in drawing 22 , low 
pass filters (LPF) 1040 and 1041 are added to the configuration which the above-mentioned 10th 
operation gestalt shows. 

[0223] In drawing 22 , a low pass filter 1040 searches for the discrimination signal LF 1 of a 
narrow-band t=ft1 (1), ft1 (2)} based on discrimination signal ft1(1) — ftl from the FFT circuit 801 
(3). With this, a low pass filter 1040 searches for the discrimination signal LF 2 of a narrow-band 
{=ft2 (1), ft2 (2)} based on discrimination signal ft2(1) -ft2 from the FFT circuit 802 (3). 
[0224] By this, a low pass filter 1040 will output the discrimination signal LF of the narrow-band 
shown in a formula 53. That is, a low pass filter 1040 outputs the discrimination signals LF1 and 
LF2 of a narrow-band by taking out only the component of a predetermined frequency band 
among discrimination signal ft1(1) -ft1(3) ft2(1) -ft(s)2 (3). 
[0225] 

[Equation 53] 
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f"LFil = |~fti(1) fti(2)l 
[lFzJ [ftzCD ft 2 (2)J 

[0226] Moreover, it connects between the FFT circuit 83 and the phase revolution machine 
1000, and a low pass filter 1041 searches for the discrimination signal rLF of a narrow-band {=rf1 
(1), rf1 (2)} based on the request discrimination signal rf1 from the FFT circuit 83 (1), rf1 (2), and 
rf1 (3). That is, a low pass filter 1041 outputs the discrimination signal rfl of a narrow-band (1), 
and rfl (2) by taking out only the component of a predetermined frequency band among the 
request discrimination signal rfl (1), rfl (2), and rfl (3). 

[0227] Next, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 3theta**) carry 
out revolution processing of the request discrimination signal rfl (1), and the phase revolution 
machine 1000 outputs these request discrimination signals rfl (1 theta), rfl (1 2theta), and rfl (1 
3theta) by which revolution processing was carried out, and the request discrimination signal rfl 
(1). 

[0228] Furthermore, only four sorts of amounts of phases (0 degree, theta**, 2theta**, 
3theta**) carry out revolution processing of the request discrimination signal rfl (2), and the 
phase revolution machine 1000 outputs these request discrimination signals rfl (2 theta), rfl (2 
2theta), and rf 1 (2 3theta) by which revolution processing was carried out, and the request 
discrimination signal rfl (2). 

[0229] In addition, hereafter, request discrimination signal rfl(1) -rfl (1 3theta) and rf1(2) -rfl (2 

3theta) are made into the request processing signal LBS, as shown in a formula 54. 

[0230] 

[Equation 54] 

rf!(1) rM2) 

rMl 6) rM2 9) 

rf-i(1 20) rf 1 (2 29) 

rMl 36) rf,(2 39) 



LBS = 



[0231] next — **** — 11 — operation — a gestalt — correlator — 1010 — the above — the - 

- ten — operation — a gestalt — having stated — a request — processing — a signal — BS — 
replacing — a request — processing — a signal — LBS — discrimination — a signal — X — (- 
_ j — ) — » — replacing — a narrow-band — discrimination — a signal — rLF — correlation — 
a value — K — ' — asking . moreover — a selection circuitry — 1020 — the above — the — 
ten — operation — a gestalt — substantial — the same — correlation — a value — K — ' — 
being based — a request — processing — a signal — LBS — inside — a narrow-band — 
discrimination — a signal — rLF — correlation — most — being large — a frequency — every - 

- a request — discrimination — a signal — MX — ' — asking . Furthermore, it asks for request 
processing signal BA f other than request processing signal MX' among the request processing 
signals LBS. 

[0232] Next, in a computing element 1030, while it replaces with discrimination signal X (i)\ and 
the discrimination signal rLF of a narrow-band is inputted, replacing with the request processing 
signal MX and inputting request processing signal MX 7 , it replaces with the request processing 
signal BA, and request processing signal BA' is inputted. 

[0233] Then, the matrix-of-correlation presumption machine 1031 calculates inverse-matrix 
RXMXM-1 of the estimate RXMXM of a matrix of correlation while calculating [ gestalt / above- 
mentioned / 10th operation ] the estimate RXMXM of a matrix of correlation substantially 
similarly based on the discrimination signal rLF of a narrow-band, and request processing signal 
MX' with the correlation vector presumption machine 1033 and the inverse-matrix computing 
element 1032. 

[0234] Moreover, the correlation vector estimate rxmb is calculated using the discrimination 
signal rLF of a narrow-band, request discrimination signal MX', and request discrimination signal 
BA' as substantially [ the correlation vector presumption machine 1033 ] as the above- 
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mentioned 10th operation gestalt similarly. Furthermore, with the matrix multiplication vessel 
1034, matrix multiplication of the estimate RXMXM of a matrix of correlation and the correlation 
vector estimate rxmb is carried out, antenna weight w1 w2 are calculated, and it is outputted to 
multipliers 201 and 202, respectively. 

[0235] Since the component except the request processing signal BA and the request 
discrimination signal MX is oppressed among inner product signal WHX (i)' by the above, the 
same effectiveness is substantially acquired with the above-mentioned 10th operation gestalt. 
Furthermore, since the component of request discrimination signal MX* is left behind at least 
among inner product signal WHX (i)' and it is obtained, it can restore to the component of the 
request discrimination signal MX good substantially similarly with the above-mentioned 10th 
operation gestalt. 

[0236] Moreover, while replacing with the request processing signal BS and adopting the request 
processing signal LBS in the operation of the correlation value of correlator 1010, it replaces 
with discrimination signal X (i)\ and the discrimination signal rLF of a narrow-band is adopted. 
Here, like the request processing signal LBS has a narrow frequency domain compared 

with the request processing signal BS, and the discrimination signal rLF of a narrow-band has a 
frequency domain narrow [ the signal ] like **** compared with discrimination signal X (i)\ For 
this reason, the amount of operations of the correlation value of correlator 1010 can be reduced 
compared with the above-mentioned 1 0th operation gestalt. 

[0237] Furthermore, since correlation value K' of correlator 1010, the request processing signal 
LBS, and the discrimination signal rLF of a narrow-band are adopted when a selection circuitry 
1020 asks for request processing signal MX'BA', the amount of operations of a selection circuitry 
1020 can be reduced compared with the above-mentioned 10th operation gestalt. 
[0238] Moreover, when a computing element 1030 calculates antenna weight w1 w2, while 
replacing with discrimination signal X (i)' and adopting the discrimination signal rLF of a narrow- 
band, it replaces with the request processing signal MX, and request processing signal MX' is 
adopted. For this reason, the amount of operations of a computing element 1030 can be reduced 
compared with the above-mentioned 1 0th operation gestalt. 

(The 12th operation gestalt) With a **** 12 operation gestalt, the low pass filters (LPF) 1040 
and 1041 stated with the above-mentioned 11th operation gestalt are adopted, and it explains 
per [ which constitutes the adaptive array antenna of PI method ] example. The configuration in 
this case is shown in drawing 23 . 

[0239] The adaptive array antenna of PI method in a **** 12 operation gestalt consists of 
antenna elements 11 and 12, a generator 60, the FFT circuits 83, 801, and 802, multipliers 201 
and 202, an adder (sigma) 300, a phase revolution machine 1000, low pass filters (LPF) 1040 and 
1041, and computing-element 1030A. Computing-element 1030A has matrix-of-correlation 
presumption machine 1031 A, inverse-matrix computing-element 1032A, and matrix multiplication 
machine 1034A. In addition, in drawing 23 , the same sign in drawing 1 , dra win g 2 , and drawing 
22 shows the same object. 

[0240] First, like the above-mentioned 11th operation gestalt, while a low pass filter 1040 
searches for the discrimination signal LF 1 of a narrow-band {=ft1 (1), ft1 (2)} based on 
discrimination signal ft1(1) — ft1 from the FFT circuit 801 (3) Based on discrimination signal ft2(1) 
-ft2 from the FFT circuit 802 (3), the discrimination signal LF 2 of a narrow-band {=ft2 (1), ft2 
(2)} is searched for. 

[0241] Next, the phase revolution machine 1000 searches for the request processing signal LBS 
shown in a formula 53 like the above-mentioned 11th operation gestalt based on the 
discrimination signal rLF of the narrow-band from a low pass filter 1041 {=rf1 (1), rf1 (2)}. 
[0242] Next, it computing-element 1030A Sets and matrix-of^correlation presumption machine 
1031 A combines the discrimination signals LF1 and LF2 and the request processing signal LBS 
of a narrow-band, and while generating the matrix FB shown in a formula 55, the above- 
mentioned 10th operation gestalt and the substantial estimate [ in / similarly / Matrix FB ] 
RFBFB of a matrix of correlation are calculated. 
[0243] 

[Equation 55] 
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FB = 



LFi 
LF2 
LBS 



fti(1) 
ft 2 (1) 
rf n (1) 



ft! (2) 
ft 2 (2) 
rf n (2) 



rMl 0) 
rMl 20) 
rMl 30) 



rf-|(2 0) 
rf!<2 20) 
rf!(2 30) 



[0244] Next, inverse-matrix computing-element 1032A calculates inverse-matrix RFBFB-1 of 
the estimate RFBFB of a matrix of correlation. Furthermore, matrix multiplication machine 1034A 
outputs antenna weight w1 w2 to multipliers 201 and 202 among multiplication result Z\ 
respectively while asking for multiplication result Z' using the formula showing in a formula 56. In 
addition, the inside of a formula 55, -a1 -a2~a3 - a4 is the signal weight AH stated to the above- 
mentioned 9th operation gestalt. 

[0245] Here, antenna weight w1 w2 are updated so that power of the component except the 
request processing signal LBS may be made into min among inner product signal [ of an adder 
circuit 300 ] WHX (i)\ 
[0246] 

[Equation 56] 

Z" = [1 0 0 0] 'XR^,," 1 

= [wi* w 2 * — en — a 2 - a 3 - a*] T 

Furthermore, when computing-element 1030A calculates antenna weight w1 w2, while the 
discrimination signal rLF of a narrow-band is adopted, the request processing signal LBS is 
adopted. The frequency band of the discrimination signal rLF of a narrow-band is narrow here 
compared with the frequency band of discrimination signal X (i)' stated with the above- 
mentioned 10th operation gestalt, and the frequency band of the request processing signal LBS 
is narrow compared with the frequency band of the request processing signal BS stated with the 
above-mentioned 10th operation gestalt. Therefore, computing-element 1030A can reduce the 
amount of operations compared with the time of using discrimination signal X (i)' and the request 
processing signal BS. 

[0247] In addition, if it is two or more pieces as the number of antenna elements in operation of 
this invention, it is good without limit. 

[0248] Furthermore, in carrying out frequency discrimination of the various signals, the example 
which adopted FFT processing was explained with each above-mentioned operation gestalt, but 
various kinds of frequency discrimination processings, such as not only this but DFT processing, 
may be adopted. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 1st operation gestalt of this invention. 

[Drawing 2] It is drawing showing the result of the simulation of the adaptive array antenna of 
the MMSE method of the above-mentioned 1st operation gestalt. 

[Drawing 3] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 2nd operation gestalt of this invention. 

[Drawing 4] It is drawing showing the detail configuration of the delay circuit shown in drawing 3 . 

[Drawing 5] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 3rd operation gestalt of this invention. 

[Drawing 6] It is drawing showing the detail configuration of the FFT circuit shown in drawing 5 . 
[Drawing 7] It is drawing showing actuation of the delay circuit shown in drawing 5 . 
[Drawing 8] It is drawing showing actuation of the FFT circuit shown in drawing 6 . 
[Drawing 9] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 4th operation gestalt of this invention. 

[Drawing 10] It is drawing showing actuation of the matched filter and delay circuit which are 
shown in drawing 9 . 

[Drawing 1 1] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 5th operation gestalt of this invention. 

[Drawing 1 2] It is drawing showing the detail configuration of a request signal selection circuitry 
shown in drawing 1 1 . 

[Drawing 1 3] It is drawing showing the configuration of the adaptive array antenna of the MMSE 
method of the 6th operation gestalt of this invention. 

[Drawing 14] It is drawing showing the detail configuration of the equal circuit shown in drawing 
13 . 

[Drawing 1 5] It is drawing showing actuation of the equal circuit shown in drawing 14 . 
[Drawing 1 6] It is drawing showing the configuration of the adaptive array antenna of PI method 
of the 7th operation gestalt of this invention. 

[Drawing 17] It is drawing showing the result of the simulation of the adaptive array antenna of 
PI method of the above-mentioned 7th operation gestalt. 

[Drawing 18] It is drawing showing the configuration of the adaptive array antenna of PI method 
of the 8th operation gestalt of this invention. 

[Drawing 19] It is drawing showing actuation of LPF of drawing 18 . 

[Drawing 20] It is drawing showing the configuration of the adaptive array antenna of PI method 
of the 9th operation gestalt of this invention. 

[Drawing 21] It is drawing showing the configuration of the adaptive array antenna of the SMI 
method of the 10th operation gestalt of this invention. 

[Drawing 22] It is drawing for explaining actuation of the above-mentioned 10th operation 
gestalt. 

[Drawing 23] It is drawing showing the configuration of the adaptive array antenna of the SMI 
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method of the 11th operation gestalt of this invention. 

[Drawin g 24] It is drawing showing the configuration of the adaptive array antenna of PI method 

of the 11th operation gestalt of this invention. 

[Drawing 25] It is drawing showing a format of an OFDM signal. 

[Drawing 26] It is drawing for explaining the input signal of the adaptive array antenna of an 
MMSE method. 

[Drawing 27] It is drawing showing the configuration of the adaptive array antenna of the 
conventional MMSE method. 
[Description of Notations] 

40 A — MMSE computing element, 30, 51, 52 — 60 An adder, 70 — Generator. 
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